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Short-tailed opossums (genus Monodelphis) comprise the most species-rich genus of 
New World marsupials, with 25 currently recognized species. Monodelphis comprise small, 
terrestrial species collectively widespread in South America, which makes the group potentially 
informative about biogeographic processes that have shaped the continental fauna. The genus 
exhibits striking variation in several phenotypic characters, notably pelage coloration, behavior, 
and reproductive strategies. This diversity is unique among Neotropical marsupials, and makes 
the group particularly interesting to investigate the evolution and the adaptive significance of 
phenotypic trait variation. Despite this potential, missing knowledge on phylogeny and basic 
taxonomy precludes broader studies on evolution and biogeography on this group. To remedy 
this situation this thesis is centered on undertaking a comprehensive phylogenetic analysis and 
taxonomic revision of Monodelphis. 
In chapter one (published in collaboration with Dr. Sharon A. Jansa and Dr. Robert S. 
Voss) we present the first phylogenetic analyses of Monodelphis based on dense taxonomic 
sampling—23 of the 25 currently recognized species—and multiple genes—one mitochondrial 
gene (CYTB), two autosomal exons (IRBP, BRCA1), one autosomal intron (SLC38), and one X-
 
 v 
linked intron (OGT). Parsimony, maximum-likelihood and Bayesian analyses of this dataset (110 
terminals, 4983 aligned sites) strongly support the monophyly of Monodelphis and recover six 
major clades within the genus. Additionally, the analyses suggest that several nominal taxa are 
synonyms of other species in the genus (M. “sorex” of M. dimidiata, M. “theresa” of M. scalops, 
M. “rubida” and M. “umbristriata” of M. americana, and M. “maraxina” of M. glirina). By 
contrast, four unnamed genetic lineages recovered by the analyses may represent new species. 
Reconstructions of ancestral states of two discrete characters—dorsal pelage color pattern and 
habitat—suggest that the most recent common ancestor of Monodelphis was uniformly colored 
(with unpatterned dorsal pelage) and inhabited moist forest. Whereas most dorsal pelage patterns 
(e.g., reddish sides and reddish head-and-rump) appear to have evolved homoplastically in 
Monodelphis, dorsal stripes may have had a unique historical origin in this genus. 
In chapter two (also published in collaboration with Dr. Sharon A. Jansa and Dr. Robert S. 
Voss) we infer historical-biogeographic patterns and processes in South America based on 
estimated divergence times and ancestral distributions for this diverse clade of marsupials. The 
dating analysis suggests that the diversification of Monodelphis was not restricted to a narrow 
time interval, such that speciation cannot be attributed to a single causal historical factor. In 
particular, speciation within the Atlantic Forest biome appears to have occurred in the Neogene, 
whereas most Amazonian speciation events are Pleistocenic. Amazonia and the Atlantic Forest 
hosted most of the diversification events in Monodelphis and were estimated as the historical 
sources of lineages that subsequently colonized other areas (e.g., Tepuis, Andes, Cerrado) during 
the Pliocene and Pleistocene. Model selection suggests an important role for founder-event 
speciation, a process seldom accounted for in previous biogeographic analyses of continental 
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clades. These results, together with others recently reported from analyses of South American 
datasets suggest that dispersal-mediated cladogenesis has been an important process in the 
evolution of Neotropical vertebrate faunas. Possible mechanisms for founder-event speciation in 
low-vagility terrestrial vertebrates such as Monodelphis include historically transient connections 
between currently disjunct biomes and rapid reproductive isolation of populations colonizing 
adjacent but ecologically disparate biomes. 
In the following chapter (to be published in collaboration with Dr. Robert S. Voss), an 
integrative approachphylogenetic information together with phenotypic data from external and 
craniodental morphology is used to provide a revised subgeneric classification of Monodelphis, 
intended to serve as the basis for future revisionary research at the species level. Over 2000 
specimens of Monodelphis were analyzed for morphology, including representative material of 
all species currently recognized as valid, together with all undescribed forms discussed in the 
previous chapters. Discrete characters found to be useful for diagnosing monophyletic groups of 
species previously established by molecular research are defined and illustrated. Five subgenera 
are formally recognized, for which morphological diagnosis, comparisons, and patterns of 
geographical distribution and sympatry are provided. 
In chapter four, a paper (already published) describing a new species of Monodelphis 
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Short-tailed opossums (genus Monodelphis) represent one of the most speciose clades of New 
World marsupials, with 26 currently recognized species that range from eastern Panama to 
northern Argentina. Here we present the first phylogenetic analyses of the genus based on dense 
taxonomic sampling and multiple genes. From most sampled species we obtained >4800 bp of 
DNA sequence from one mitochondrial gene (CYTB), two autosomal exons (IRBP exon 1, 
BRCA1 exon 11), one autosomal intron (SLC38 intron 7), and one X-linked intron (OGT intron 
14). Maximum-parsimony, maximum-likelihood and Bayesian analyses of these data strongly 
support the monophyly of Monodelphis and recover six major clades within the genus. 
Additionally, our analyses support previous suggestions that several nominal taxa are synonyms 
of other species (M. “sorex” of M. dimidiata, M. “theresa” of M. scalops, M. “rubida” and M. 
“umbristriata” of M. americana, and M. “maraxina” of M. glirina). By contrast, four unnamed 
lineages recovered by our analyses may represent new species. Reconstructions of ancestral 
states of two discrete characters—dorsal pelage color pattern and habitat—suggest that the most 
recent common ancestor of Monodelphis was uniformly colored (with unpatterned dorsal pelage) 
and inhabited moist forest. Whereas some dorsal pelage patterns appear to have evolved 
homoplastically in Monodelphis, dorsal stripes may have had a unique historical origin in this 
genus.  
 




Short-tailed opossums (Monodelphis) comprise one of the most species-rich clades of 
living New World marsupials. Included species are small terrestrial predators that occur in a 
wide variety of habitats (lowland rain forest, dry forest, montane forest, and savanna) from 
eastern Panama to northern Argentina (Pine and Handley, 2008; Solari, 2007; Voss and Jansa, 
2009). Formerly an obscure and neglected taxon, Monodelphis is now widely known as an 
important model organism for biomedical research due to the domestication and whole-genome 
sequencing of M. domestica, the grey short-tailed opossum (Keyte and Smith, 2008; Ley, 1987; 
Mikkelsen et al., 2007; Saunders et al., 1989). Among other multidisciplinary applications, M. 
domestica has recently been used for studies of neural development (Dooley et al., 2012) gene 
expression (Das et al., 2012; Sears et al., 2012), and therapeutic oncology (Nair and VandeBerg, 
2012). Unfortunately, the ever-increasing popularity of M. domestica as a model organism has 
not been accompanied by systematic understanding of the genus as a whole. Monodelphis has 
never been revised taxonomically, phylogenetic relationships of its member species are 
incompletely resolved and often weakly supported by existing molecular data, the taxonomic 
status of several nominal species has been disputed, and other taxa remain undescribed. 
The last published taxonomic summary of the genus (Pine and Handley, 2008) 
recognized 20 species. Subsequently, one species was synonymized with another (Vilela et al., 
2010), two nominal taxa previously treated as junior synonyms were recognized as valid species 
(Pavan et al., 2012; Solari, 2007), and four species were described as new (Pavan et al., 2012; 
Solari, 2007; Solari et al., 2012; Voss et al., 2012). Altogether, these changes raised the total 
number of recognized species to 25, but Pine et al. (2013) recently recognized a total of 26 
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species. Unfortunately, many decisions about the validity of nominal taxa currently ranked as 
species remain untested by analyses of genetic data. 
Although the monophyly of Monodelphis has been independently supported by numerous 
studies based on morphological, chromosomal, and/or molecular data (e.g., Caramaschi et al., 
2011; Carvalho et al., 2011; Flores, 2009; Hershkovitz, 1992; Jansa and Voss, 2000; Kirsch and 
Palma, 1995; Lim et al., 2010; Patton and Costa, 2003; Patton et al., 1996; Pavan et al., 2012; 
Pine et al., 2013; Solari, 2007; Steiner and Catzeflis, 2004; Vilela et al., 2010; Voss and Jansa, 
2003; Voss and Jansa, 2009), such studies have included only a few (<50%) of the currently 
recognized species in the genus. By contrast, the most taxonomically inclusive phylogenetic 
analysis of Monodelphis (Solari, 2010), which was based on partial cytochrome-b sequences 
from 18 species, failed to support generic monophyly. This important study was also the first to 
recover statistically robust support for species-group relationships within the genus, but key 
basal relationships were not strongly supported. As pointed out by Solari (2010), sequence data 
from additional loci, including slowly evolving nuclear genes, coupled with a broader taxonomic 
sample are needed to further test the monophyly of Monodelphis and the relationships among its 
species. 
Monodelphis exhibits striking variation in several phenotypic characters, notably pelage 
coloration (Matschie, 1916; Patton et al., 2000; Pine, 1976; Voss and Jansa, 2009),
 
behavior 
(diurnality and noturnality; Emmons and Feer, 1997; Streilein, 1982a), and reproductive 
strategies (semelparity and iteroparity; Pine et al., 1985; Streilein, 1982b). Of these, only pelage 
coloration is currently amenable to comparative analysis because behavioral and reproductive 
traits are unknown for many species. Additionally, pelage coloration has long been of interest to 
taxonomists because several distinct patterns are easily recognized (Fig. 1), and because these 
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have been used to assign species to species groups (Gilmore, 1941; Matschie, 1916; Miranda-
Ribeiro, 1936; Pine, 1976). However, whereas some authors have considered pelage color 
pattern as indicators of group membership (Gilmore, 1941), others have hypothesized that 
convergence might be involved (Pine, 1976; Solari, 2010). Indeed, convergence in pelage traits 
as a result of adaptation to similar habitats has been demonstrated for other mammals (Dice, 
1941; Hoekstra, 2005), and the same might be true for Monodelphis. 
Herein, we report the results of our analyses of DNA sequence data from one 
mitochondrial and four nuclear markers, which we obtained from most of the nominal taxa 
currently recognized as valid species of Monodelphis in the literature cited above. Our objectives 
in this report are (1) to test the monophyly of the genus; (2) to test the genetic integrity of 
currently recognized species, especially those with noteworthy geographic variation and 
controversial synonyms; (3) to resolve interspecific relationships within the genus; and (4) to 
explore the evolution of pelage-color phenotypes in relation to habitat. Biogeographic inferences 
and phylogeographic analyses, both of which require extensive information about spatial 
distributions that cannot be effectively summarized here, will be the subject of subsequent 
publications. 
MATERIAL AND METHODS 
Taxon sampling and phylogenetic assumptions 
We obtained DNA sequence data from representative material of all currently recognized 
species of Monodelphis except M. ronaldi (known only from the holotype; Solari, 2004) and M. 
unistriata (known from just two specimens, both >100 years old; Pine et al., 2013). Additionally, 
we obtained sequence data from unnamed forms of Monodelphis that Pine and Handley (2008) 
 
 6 
referred to as “species A” (from the Venezuelan llanos) and “species E” (from southeastern 
Brazil). All of the other three alphabetically designated forms discussed by Pine and Handley 
(2008)—including “species B” (subsequently named as M. sanctaerosae by Voss et al., 2012), 
“species C” (described as M. gardneri by Solari et al., 2012), and “species D” (synonymized 
with M. touan by Pavan et al., 2012)—are also represented by sequence data in this study. 
We assessed genetic variation within currently recognized species by including sequence 
data from as many geographic populations as possible, making a particular effort to obtain 
multiple samples of widespread species that include nominal taxa currently regarded as junior 
synonyms (e.g., M. dimidiata and M. americana). A complete list of sequenced specimens of 
Monodelphis, accompanied by geographic data and other relevant information is provided as 
Supporting Information (Catalog data of voucher material, Table 1, Gazetteer). 
Because Solari (2010) did not recover Monodelphis and Marmosa as reciprocally 
monophyletic groups, we included exemplar species of other marmosine genera (Marmosa and 
Tlacuatzin; see Voss and Jansa, 2009) in our analyses to test the monophyly of Monodelphis, and 
we used more distantly related taxa as outgroups. Outgroup taxa included representatives of 
every currently recognized non-marmosine tribe of the subfamily Didelphinae together with a 
single representative of the subfamily Caluromyinae (Supporting Information, Table 2). We used 
either Caluromys lanatus (Caluromyinae) or Metachirus nudicaudatus (Didelphinae: 
Metachirini) to root our phylogenetic trees. 
Taxonomic identifications 
In most cases we were able to associate DNA sequences with taxon names by examining 
morphological voucher material, which we identified by consulting original descriptions, type 
specimens, and other relevant sources of information. Unfortunately, we were not able to 
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examine voucher material for many published cytochrome-b sequences. In such cases we 
accepted published taxonomic identifications if (1) the published identifications correspond to 
the known geographic distribution of the taxon in question, and (2) phylogenetic analyses of the 
sequences were consistent with the published identification. Condition 2 was fulfilled when 
sequences with published identifications clustered with sequences that we identified as the same 
taxon by examining voucher material. In a few cases we were able to confidently associate 
unidentified sequences with appropriate taxon names based on geography and sequence 
characteristics.  
Gene selection, DNA extraction, amplification, and sequencing  
We attempted to sequence the entire mitochondrial gene cytochrome b (CYTB) from 
ethanol-preserved tissues of Monodelphis, obtaining fragments that varied in length from 517 to 
1149 base pairs. From a subset of our ethanol-preserved tissues (see below) we additionally 
obtained fragments from four nuclear genes: Breast Cancer Activating 1 gene exon 11 (BRCA1, 
317–946 bp), Interphotoreceptor Retinoid Binding Protein exon 1 (IRBP, 710–1158 bp), solute 
carrier family 38 intron 7 (SLC38, 599–884 bp), and O-linked N-acetylglucosamine transferase 
intron 14 (OGT, 634–653 bp). Of the four nuclear loci we sequenced, three (BRCA1, IRBP, and 
OGT) map to autosomal loci in the Monodelphis domestica genome, whereas OGT is on the X 
chromosome. We sequenced CYTB from 283 specimens of Monodelphis, but the nuclear genes 
were each sequenced for a subset of 96 individuals chosen to represent different geographic 
populations and/or mitochondrial haplogroups from as many species as possible. We also 
analyzed CYTB sequence data previously deposited in GenBank from several earlier studies 
(Supporting Information, Table 1). 
Total genomic DNA was isolated from ethanol-preserved samples or from pieces of dried 
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tissue snipped from skins or scraped from skeletal specimens using a Qiagen DNA Minikit 
(Qiagen Inc.). DNA was extracted from ethanol-preserved tissue samples following kit 
instructions, but DNA extraction from dried tissue followed procedures described in Giarla et al. 
(2010). 
For ethanol-preserved tissues, polymerase chain reaction (PCR) amplification of the 
entire CYTB gene was done either in a single ~1150 bp fragment using primer MVZ05 paired 
with DidCYTB1260R (Appendix A), or in two overlapping fragments of ~ 600-700 bp using 
primers MVZ05 paired with MonoCYTB795R and either MonoCYTB655F, brev629F, 
emiliae545F, adusta551F, or ameri646F paired with DidCYTB1260R. The IRBP fragment was 
amplified in two overlapping fragments of ~ 600-800 bp using primers MonoIRBP_F1 paired 
with 878F_R and MonoIRBP_F2 paired with 1313D1_R. PCR amplification of the BRCA1 
fragment was done either in a single ~ 1000 bp fragment using primer MonoBRCA1_F1 paired 
with MonoBRCA1_R2, or in two overlapping fragments of ~ 500-700 bp using primers 
MonoBRCA1_F1 paired with R1780, and F1697 paired with MonoBRCA1_R2. The partial 
OGT was amplified in a single fragment of ~ 650 bp using primers OGT_F1 paired with 
OGT_R1, and SLC38 was amplified in a single fragment of ~ 900 bp using primers SLC_F2 
paired with SLC_R3. 
Amplifications were done as 12.5 L reactions using GoTaq Hot Start Polymerase 
(Promega Corp.) with 0.5 L of each primer, 2.5 L of reaction buffer, 1.0 L of 25 mM MgCl2, 
0.25 L dNTP mix, 0.0625 L of polymerase, 1.0 L of template DNA, and 6.688 L of H2O. In 
cases where amplifications using the mentioned protocol failed, we performed amplifications as 
12.5 L reactions using Platinum Taq (Life Technologies Corp.) with 0.25 L of each primer, 
1.25 L of reaction buffer, 0.375 L of 50 mM MgCl2, 0.25 L dNTP mix, 0.05 L of 
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polymerase, 1.0 to 2.0 L of template DNA, and 9.075 to 8.075 L of H2O.  
For dried tissues, we only amplified and sequenced CYTB. In these cases, the 
amplification was performed in six ~ 250 bp overlapping fragments using the following primer 
pairs: MVZ05/brev250R, brev157F/brev395R, brev356F/brev618R, brev534F/MonoCYTB795R, 
brev759F/brev1009R, and brev949F/DidCYTB1260R (Appendix A). Amplifications of DNA 
derived from dried tissue samples were always performed using the protocol with the Platinum 
Taq Polymerase, described above. 
All PCR reactions were performed using a four-step touchdown protocol. PCRs consisted 
of an initial denaturation at 94° C (2 min), followed by 35 cycles comprising denaturation at 94° 
C (30 s), annealing ranging from 58° C to 52° C (30 s), and extension at 72° C (1 min), with a 
final extension at 72° C (7 min). Cycling started at an annealing temperature of 58 C and 
dropped by 2 C increments for each step; the first three steps (58 C, 56 C, 54 C) were run for 
5 cycles, and the last step (52 C) was run for 20 cycles.  
We purified PCR products using Exonuclease I and Shrimp Alkaline Phosphatase (Hanke 
and Wink, 1994). These products were sequenced in both directions on an ABI 3730 automated 
sequencer (Applied Biosystems Inc.) using amplification primers and dye terminator chemistry 
(BigDye ver. 3.1 Cycle Sequencing Kit, Applied Biosystems Inc., Foster City, California). Raw 
sequence chromatographs were edited using Geneious ver. 5.3.6 (Drummond et al., 2011).  
Sequence alignment and dataset composition 
Orthologous DNA sequences were aligned using MUSCLE (Edgar, 2004) as 
implemented by Geneious ver. 5.6.6 (Drummond et al., 2011) using default parameters. We 
coded single-nucleotide heterozygotes in the nuclear DNA sequences with IUPAC ambiguity 
symbols and used numerical algorithms (Dmitriev and Rakitov, 2008) to reconstruct allele 
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sequences of heterozygotes for insertions and deletions (indels). In cases of heterozygotes for 
indels, we used the long alleles for our phylogenetic analyses. We compiled aligned sequences 
into five single-gene datasets, and we concatenated sequence data from all five genes into a sixth 
(“combined-gene”) dataset for total-evidence analyses. With few exceptions, the combined-gene 
dataset included only those individuals for which we obtained sequence data from at least three 
loci. Exceptions were made for unique representatives of nomenclaturally important nominal 
taxa, and for a few highly divergent lineages (possibly undescribed taxa) revealed by CYTB 
analyses. 
Phylogenetic Analysis 
Phylogenetic analyses were conducted for each single-gene dataset and for the combined-
gene dataset using maximum parsimony (MP), maximum likelihood (ML), and Bayesian 
inference (BI). Maximum parsimony analyses were implemented in TNT ver. 1.1 (Goloboff et 
al., 2008) through a ratchet-based strategy (Nixon, 1999) using heuristic searches with 100 
replicates of 200 iterations, each with random addition sequence and tree bisection-reconnection 
branch-swapping. Nodal support was assessed by 1000 bootstrap (BS) pseudoreplicates, and 
gaps were treated as missing data.  
For parametric methods (ML and BI), we used Partition Finder 1.0.1 (Lanfear et al., 
2012) to select the best partitions and models of nucleotide substitution under the Bayesian 
Information Criterion (Schwarz, 1978). We defined separate data blocks for the three codon 
positions of the protein-coding genes (CYTB, BRCA1, IRBP) and defined a single data block for 
each intron (OGT, SLC38). We set PartitionFinder to use only the nucleotide models available in 
MrBayes 3.1.2 (Ronquist and Huelsenbeck, 2003). 
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ML analyses were implemented in Garli 2.0 (Zwickl, 2006) using default parameters on 
the Cipres Portal (Miller et al., 2010). The best-fit partitioning schemes and models for each 
dataset were specified as determined by Partition Finder, and the model parameters were set to 
be estimated from the data. A total of eight independent searches were performed, and nodal 
support was assessed by 1000 BS pseudoreplicates. 
Bayesian analyses were implemented in MrBayes 3.1.2, on the Cipres Portal. The best-fit 
partitioning schemes and models for each dataset were specified as determined by Partition 
Finder. We determined the number of generations necessary to be run and the ‘‘burn-in’’ by 
examining the log likelihood (lnL) plots through Tracer ver. 1.5 (Rambaut and Drummond, 
2007). We ran two independent runs of four Markov chains (one cold and three heated) with 
either 10 × 10
6
 generations sampling every 1000 generations (individual analyses of the four 
nuclear datasets), 20 × 10
6
 generations sampling every 2000 generations (analysis of the 
combined dataset), or 35 × 10
6
 generations sampling every 5000 generations (analysis of the 
CYTB dataset). The first 10% of the sampling trees and estimated parameters were discarded as 
burn-in. 
Distances for pairwise comparisons were calculated in MEGA 4.0 (Tamura et al., 2007). 
The presence of saturated sequences was examined by plotting transitions and transversions 
against nucleotide divergence in DAMBE ver. 4.2.13 (Xia and Xie, 2001). 
Although the monophyly of Monodelphis was supported by several previously published 
phylogenetic analyses, the most taxonomically inclusive phylogenetic study of Monodelphis 
(Solari, 2010) recovered the genus as paraphyletic. We used a likelihood-ratio test (LRT) 
(Shimodaira and Hasegawa, 1999) to compare our combined-gene ML topology with alternative 




We reconstructed the evolution of two discrete characters—“dorsal pelage pattern” and 
“habitat”—using both maximum-parsimony and maximum-likelihood methods. To reconstruct 
the evolution of dorsal pelage pattern, we assigned species to one or more of the following states: 
uniform (dorsal pelage unpatterned, without any conspicuous markings; e.g., Fig. 1A), reddish 
sides (flanks clear reddish or reddish-brown, contrasting with grizzled-grayish middorsal 
coloration; e.g., Fig. 1B), reddish head-and-rump (head and rump clear reddish or reddish brown, 
contrasting in color with grizzled-grayish trunk coloration; e.g., Fig. 1C), and dorsal stripes 
(dorsum marked with one or more longitudinal stripes that are distinctly darker than the 
background coloration; e.g., Fig. 1D). To reconstruct the evolution of habitat occupancy we 
recognized two states: moist forest (evergreen and semi-deciduous forest, including wet-montane 
vegetation as well as edaphically moist gallery formations in savanna landscapes) and open 
vegetation (dry forest, thornscrub, tree savannas, and grasslands). We did not score “species 3” 
for these analyses because we were not able to examine voucher material of this putative taxon.  
We used polymorphism coding for species that exhibit geographic variation, ontogenetic 
variation, or sexual dimorphism in dorsal color pattern, as well as for species known to occur in 
both moist forest and open habitats. State coding for all species and relevant scoring details are 
provided in Appendix B.  
MP reconstructions were performed with states unordered and all transformations equally 
weighted using Mesquite v2.75 (Maddison and Maddison, 2011). ML reconstructions were also 
performed in Mesquite v2.75 using the Markov k-state 1 parameter (Mk1) model of evolution 
(Pagel, 1999; Schluter et al., 1997), which gives equal probability for changes between any two 
character states. Reconstructions were inferred on an ultrametric tree derived from our 
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combined-gene ML tree trimmed to the species level. To generate the ultrametric tree, we used 
penalized likelihood (Sanderson, 2002) as performed by the chronopl function of the R-package 
APE 3.0-5 (Paradis et al., 2004). We used a lambda value of 1.0, and the age of the root was set 
at 1. To analyze the correlation between pelage phenotypes and habitat, we recoded “dorsal 
pelage” as a binary character with states unpatterned (as for the ancestral-state reconstruction 
exercise described above) and patterned (including reddish sides, reddish head-and-rump, and 
dorsal stripes). Because existing ML algorithms do not permit polymorphism coding, we coded 
the modal trait for each species. However, the modal habitat is unknown for Monodelphis 
dimidiata, which occurs in both the Atlantic Forest and the Pampas (Vilela et al. 2010).  
Therefore, we analyzed two correlational datasets, one with M. dimidiata coded as “moist forest” 
and another with M. dimidiata coded as “open vegetation” (Appendix C). 
Correlated evolution of dorsal pelage phenotypes and habitat occupancy was investigated 
through the maximum-likelihood approach described by Pagel (1994) and implemented by 
Bayes Traits (Pagel and Meade, 2006). Correlation was inferred using the same chronogram used 
for character reconstructions, but with outgroups removed (the chronogram used for the 
correlation test had only Monodelphis species as terminal taxa). Briefly, we compared two 
models of trait change (Pagel, 1994): one in which pelage and habitat occupancy evolve 
independently (the “independent model”, with four parameters in the matrix of transition 
probabilities, QI), and another in which character evolution is correlated (the “dependent model”, 
with eight parameters in the matrix of transition probabilities, QD). The likelihoods of these two 
models (implemented with alternative scoring for one problematic species, as explained below) 
were then compared using likelihood-ratio tests, with the expectation that the dependent model 
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should have a significantly higher likelihood if the evolution of these characters were correlated 
in the phylogenetic history of Monodelphis.  
We tested both characters for phylogenetic signal using Fritz and Purvis’s D test (Fritz 
and Purvis, 2010) as implemented by the R package caper (Orme et al., in press). The D statistic 
is expected to be one if the distribution of the trait is random with respect to phylogeny, greater 
than one if the trait is phylogenetically overdispersed, zero if the observed trait is as clumped as 
if it had evolved by Brownian motion under a threshold model, and less than zero if the trait is 
phylogenetically conserved (Fritz and Purvis, 2010).  
RESULTS 
Phylogenetic analyses of single- and combined-gene datasets 
Characteristics of each single-gene dataset and of our combined-gene (five-locus) dataset, 
together with best-fitting models of sequence evolution for each locus or partition, are 
summarized in Table 1. Comparisons of phylogenetic trees inferred by different methods from 
all of our single-gene datasets (Supporting Information, Figs. 1–5) revealed no compelling 
evidence of conflicting phylogenetic signal from these loci. In general, many of the same nodes 
were strongly supported in all of our single-gene analyses (Table 2), and no examples of strong 
incongruence were found. Additionally, ML and Bayesian analyses of our combined-gene 
dataset produced topologically similar results. The MP search of our combined-gene dataset 
recovered 100 equally parsimonious trees (each with Length = 5890, Consistency Index = 0.40, 
and Retention Index = 0.79). The 50% majority consensus tree of the MP analyses is 
topologically similar to the ML and Bayesian trees, whereas the MP strict consensus tree is less 
resolved (but non-conflicting). The tree recovered by the ML analysis of our combined-gene 
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dataset is shown in Figure 2 with accompanying nodal support values from MP, ML, and 
Bayesian analyses of the same matrix. 
Monophyly of Monodelphis  
The genus Monodelphis was recovered as a monophyletic group in all three analyses of 
our combined-gene dataset and in most analyses of our five single-gene datasets (Table 2). 
Indeed, the only analysis of the 18 we performed (3 analyses × 6 datasets) that failed to support 
the monophyly of Monodelphis was our MP analysis of CYTB (not shown), which recovered a 
clade composed of six other didelphids (Tlacuatzin canescens, Metachirus nudicaudatus, 
Didelphis albiventris, Lutreolina crassicaudata, Thylamys macrurus, Marmosops parvidens) as 
the sister taxon of clade E (as defined below). However, this anomalous node was not strongly 
supported by parsimony bootstrapping of the CYTB data, and likelihood-ratio tests suggest that 
our combined-gene data are significantly less likely under this hypothesis (ΔlnL = 276.15, P = 
0.000), or under Solari’s (2010) hypothesis that Marmosa is the sister taxon to M. scalops + M. 
“theresa” (ΔlnL = 185.12, P = 0.000) than they are under the hypothesis that Monodelphis is 
monophyletic. 
Species monophyly and species recognition 
Analyses of our combined-gene dataset (Fig. 2) recovered most currently recognized 
species as monophyletic with high support, but several nominal taxa recognized as valid species 
by some authors appear to represent genetically undifferentiated color variants or maturational 
stages of species also known by older synonyms. For example, a specimen previously identified 
as M. “sorex” (TK65944) is nested within M. dimidiata, a specimen of M. “theresa” (MVZ 
182776) is nested within M. scalops, specimens of M. “umbristriata” (MN 46570) and M. 
 
 16 
“rubida” (MCN-M 2149) are nested within M. americana, and a specimen of M. “maraxina” 
(BMNH 24.2.4.43) is nested within M. glirina. Additionally, a specimen previously identified by 
Pine and Handley (2008) as “Monodelphis species A” (KU 123941) was recovered as sister to M. 
palliolata, from which it is minimally differentiated genetically. In order to simplify the 
following text, we list the 19 named species that we recognize as valid with notes on taxonomic 
usage justified by these results and other information to be discussed subsequently (Table 3). 
Analyses of cytochrome-b sequence data (Supporting Information, Fig. 1) support 
essentially the same conclusions about species limits, but analyses of other loci failed to resolve 
some closely related species as reciprocally monophyletic groups. For example, IRBP sequence 
data are insufficient to resolve M. peruviana as a species distinct from M. osgoodi (Supporting 
Information, Fig. 3). Other species recovered as monophyletic by analyses of our combined-gene 
and CYTB datasets but not by one or more analyses of BRCA1, IRBP, OGT, or SLC38 include 
M. touan, M. brevicaudata, M. palliolata, M. arlindoi, M. domestica, and M. glirina. However, 
none of our single-locus analyses recovered any strongly supported node that is inconsistent with 
the species-level classification in Table 3. Rather, lack of support for some of these species in 
some analyses seems to reflect insufficient resolution of lower-level relationships by slowly 
evolving nuclear loci. 
In addition to the species listed as valid in Table 3, our analyses recovered four divergent 
unnamed lineages that appear to represent undescribed taxa. In the absence of formal 
descriptions (some of which are currently in preparation by colleagues), we denote these putative 
species with proxy identifiers (“species 1,” etc.) in our figures and tables. On the hypothesis that 
these are (in fact) valid taxa, we recognize a total of 23 species of Monodelphis among those we 
sequenced, all of which are treated as evolutionarily independent lineages in the character 
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optimizations and correlation analyses that follow (see Section 4). 
Species groups and intergroup relationships 
Analyses of our combined-gene dataset recovered strong support for six clades that we 
provisionally refer to as species groups (Fig. 2). Clade A consists of Monodelphis emiliae, an 
Amazonian rainforest species. Clade B is also monotypic, consisting of M. dimidiata, which 
occurs from southeastern Brazil to northern Argentina (including Uruguay and eastern Paraguay). 
Clade C contains only M. scalops, from southeastern Brazil and northeastern Argentina. Clade D 
anomalously contains one high-altitude Andean species (M. gardneri) and two eastern Brazilian 
taxa (M. americana and M. iheringi). Clade E contains six currently recognized species—two 
from western Amazonia (M. handleyi, M. adusta), one from the Andes (M. osgoodi), one from 
western Amazonia and Andes (M. peruviana), one from the Guiana highlands (M. reigi), and an 
ecogeographically widespread form (M. kunsi)—together with two divergent lineages that may 
represent undescribed taxa: one from the Atlantic Forest of southeastern Brazil (“species 1”) and 
the other from lowland Amazonia (“species 2”). Clade F is another diverse group, containing 
seven currently recognized species—four from Amazonian rainforests (M. touan, M. 
brevicaudata, M. arlindoi, M. glirina), one from northern Venezuela (M. palliolata), and two 
from the so-called Arid Diagonal (of Caatinga-Cerrado-Chaco: M. domestica, M. 
sanctaerosae)—plus two unnamed lineages from the Brazilian Amazon (“species 3” and 
“species 4”). 
Five of these six species groups were consistently recovered by all of our 15 single-gene 
analyses, albeit with weak support from a few (Table 2). The unique exception, clade D, was not 
recovered by any analysis of the slowly evolving IRBP exon. However, no conflicting 
hypothesis of relationships (inconsistent with clade D monophyly) received statistically 
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significant support from this locus. 
All of our analyses of the combined-gene dataset recovered clade A as sister to the 
remaining species of Monodelphis, and they also recovered clade B as sister to clades C + D (Fig. 
2). However, these relationships were not strongly supported in any analysis of these data, nor 
were they consistently recovered by our single-gene analyses (Supporting Information, Figs. 1–
5). By contrast, clade C was recovered as sister to clade D in all of our combined-gene analyses 
(albeit with strong support only from Bayesian posterior probabilities), and this relationship was 
also recovered by all of our analyses of BRCA1 and SLC38 sequences (Table 2). Clades E and F 
were recovered as sister taxa in all three analyses of the concatenated dataset (but without strong 
support from any analysis), and this relationship was also consistently recovered by analyses of 
BRCA1, OGT, and SLC38. Despite the sometimes weak and/or inconsistent support for 
intergroup relationships as noted above, no alternative hypotheses were strongly supported by 
any analysis of our single-gene datasets. 
Phylogenetic relationships within clades D, E, and F 
Within clade D, Monodelphis gardneri was recovered as the sister taxon of M. iheringi + 
M. americana by all three analyses of our concatenated data (with strong support from ML and 
BPP; Fig. 2), and this relationship was also recovered by several single-gene analyses 
(Supporting Information, Figs. 2–5). Although alternative patterns of relationships within clade 
D were recovered by other single-gene analyses (e.g., Supporting Information, Fig. 1), none was 
strongly supported. 
Identical patterns of interspecific relationships within clade E were recovered with strong 
support by all three analyses of our combined-gene dataset, with the conspicuous exception of 
relationships among Monodelphis “species 2”, M. handleyi, M. osgoodi, and M. peruviana (Fig. 
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2). In particular, M. kunsi and “species 1” form a clade that is sister to another that includes all of 
the remaining members of this group; M. adusta and M. reigi are sister taxa; and M. adusta + M. 
reigi is sister to “species 2” plus M. handleyi, M. osgoodi, and M. peruviana. Most of these 
relationships were also recovered by the majority of our single gene analyses (Supporting 
Information, Figs. 1–5), and none are strongly contradicted by any of those results. 
Within clade F, three subclades were recovered with high statistical support from most of 
our analyses of the combined-gene dataset (Fig. 2). The first subclade consists of the nested 
relationships (“species 3” (M. glirina + M. sanctaerosae)), the second includes multiple samples 
of the very widespread species M. domestica, and the third consists of the sequence (“species 4” 
(M. arlindoi (M. touan (M. brevicaudata + M. palliolata)))). Although Monodelphis domestica 
was recovered as the sister taxon to the latter subclade in all analyses of our concatenated data, 
this relationship was not strongly supported by any analysis. Analyses of our CYTB dataset 
recovered the same three subclades with similarly resolved internal relationships (Supporting 
Information, Fig. 1), but many relationships within clade F were not resolved by our analyses of 
single nuclear loci (Supporting Information, Figs. 2–5). 
Mitochondrial Distance Comparisons and Phylogeography 
Intraspecific genetic divergence at the CYTB locus varies considerably in our results, 
with mean pairwise uncorrected values among conspecific sequences ranging from 0.3% to 7.4% 
(Supporting Information, Table 3). Higher values among these intraspecific averages are all from 
geographically widespread forms. In particular, several species exhibit substantial CYTB 
sequence divergence among allopatric haplogroups. Noteworthy examples include (1) 
Monodelphis emiliae, with a mean p-distance of 11.4% across a basal split between strongly 
supported haplogroups from eastern and western Amazonia; (2) M. kunsi, with mean p-distances 
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of 4.8–6.9% among three geographically disjunct haplogroups; (3) M. osgoodi, with a mean p-
distance of 5.5% between a specimen from La Paz, Bolivia and five others from Cochabamba, 
Bolivia; (4) M. peruviana, with mean p-distances of 5.4–6.2% among three geographically 
disjunct haplogroups; (5) M. iheringi, with a mean p-distance of 8.6% between a specimen from 
Rio de Janeiro, Brazil and others from Espírito Santo and São Paulo; (6) M. americana, with a 
mean p-distance 8.2% between northern and southern haplogroups; (7) M. domestica, with a 
mean p-distance of 4.8% between eastern and western haplogroups; and (8) M. glirina, with a 
mean p-distance of 8.5% between eastern and western Amazonian haplogroups.  
Character evolution  
Parsimony reconstructions of dorsal pelage pattern and habitat occupancy suggest that the 
most recent common ancestor of Monodelphis was uniformly colored (with unpatterned dorsal 
pelage) and lived in moist forest (Fig. 4). Maximum-likelihood reconstructions likewise suggest 
uniform coloration as the most probable ancestral pelage trait and moist forest as the most 
probable ancestral habitat (Fig. 5). According to both reconstructions, patterned dorsal pelage 
phenotypes evolved from uniformly colored dorsal pelage several times in the evolutionary 
history of the genus. However, whereas reddish sides and reddish head-and-rump each clearly 
evolved at least twice (with probable subsequent reversals to uniform coloration in some species), 
dorsal stripes may have had a unique evolutionary origin in the common ancestor of clades C 
and D. Both reconstructions of habitat occupancy suggest multiple independent invasions of 
open habitats. 
Pagel’s (1994) test for correlation recovered a higher likelihood for our data under the 
dependent model for both habitat codings of Monodelphis dimidiata (Supporting Information, 
Table 4). The difference in likelihoods between the dependent model and the independent model 
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is statistically significant when the analysis is run with M. dimidiata coded as “moist forest” (ΔL 
= 5.40; P = 0.03), favoring the hypothesis that the evolution of dorsal pelage phenotypes is 
correlated with habitat occupancy in Monodelphis. However, when the analysis is run with M. 
dimidiata coded as “open vegetation”, the dependent model does not explain the data 
significantly better than the independent model (ΔL = 3.53; P = 0.13), so the null hypothesis of 
independent evolution of pelage traits and habitat occupancy cannot be rejected on this basis.  
Fritz and Purvis’s D test for phylogenetic signal suggests that dorsal pelage phenotypes 
are phylogenetically conserved (D = -1.25). By contrast, the phylogenetic distribution of habitat 
occupancy does not differ from the expected distribution of a trait evolving by Brownian motion 
under a threshold model (D = -0.05 when M. dimidiata is coded as “moist forest”; D = 0.03 when 
M. dimidiata is coded as “open vegetation”). 
DISCUSSION 
Generic monophyly 
Robust support for the monophyly of Monodelphis from all three analyses of our 
combined-gene dataset is consistent with the results of several other phylogenetic studies based, 
at least in part, on analyses of molecular sequence data (e.g., Vilela et al., 2010; Caramaschi et 
al., 2011; Pine et al., 2013). In addition, generic monophyly is unambiguously supported by 10 
morphological synapomorphies and by a unique and unreversed deletion at the BRCA1 locus 
(Voss and Jansa, 2009). Lastly, all karyotyped species of Monodelphis have 2n = 18 
chromosomes, whereas other marmosines have diploid numbers of either 14 or 22 chromosomes 
(Svartmann, 2009). Although taxon sampling remains notably incomplete for morphological and 
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karyotypic character surveys, these aggregate observations from multiple genetic and phenotypic 
sources provide compelling evidence that Monodelphis is monophyletic. 
In this context, and because 17 of the 18 analyses performed in this study supported the 
monophyly of Monodelphis (Fig. 2, Table 2), the real question is why our MP analysis of CYTB 
and Solari’s (2010) MP and ML analyses of CYTB did not. Although we have not investigated 
these anomalous results in detail, we examined our sequence datasets for saturation and found 
compelling evidence for saturation in CYTB at p-distances >15% (see also Jansa and Voss, 
2000: Fig. 12), so it seems plausible that parsimony analyses of datsets containing highly 
divergent outgroups might be problematic. Why Solari’s (2010) likelihood analysis of CYTB 
sequence data should also have been misleading is perhaps attributable to his shorter (790–830 
bp) sequences, sparser taxon sampling, or misspecified model (GTR+G+I was used for all codon 
positions). Whatever the explanation(s) might be, likelihood-ratio tests based on our combined-
gene dataset convincingly reject the alternative phylogenetic hypotheses suggested by our MP 
analysis and by Solari’s (2010) ML analysis of CYTB in favor of generic monophyly. 
Implications for species-level nomenclature 
Although it is not the purpose of this report to revise the species-level nomenclature of 
Monodelphis, our results are consistent with previous hypotheses (suggested by authors cited 
below) that some taxa currently regarded as valid are simply ontogenetic, sexually dimorphic, 
and/or geographic coat-color variants of species known by older names. Our preferred taxonomic 
usage (Table 3) will be justified elsewhere with supporting evidence from examination of type 
material and analyses of other morphological character data, but here we offer brief explanations 
of proposed synonymies based on the results in hand.  
Monodelphis dimidiata and M. sorex were considered to be distinct species by Pine and 
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Handley (2008), who distinguished them based on subtle coat-color differences (e.g., “reddish” 
versus “orangish” flanks) in a key; their range maps showed M. dimidiata distributed in 
grasslands and dry-forested landscapes of Uruguay, south Brazil and north-central Argentina, 
whereas M. sorex was mapped as occurring in moist-forested regions of southeastern Brazil, 
eastern Paraguay, and extreme northeastern Argentina (Misiones). By contrast, Vilela et al. 
(2010) regarded sorex as a junior synonym of dimidiata based on their analyses of cytochrome-b 
sequence data and morphology, which documented a striking lack of phylogeographic structure 
(in CYTB) and of geographic variation (in morphology) across the ranges of these taxa as 
mapped by Pine and Handley (2008). Although Pine et al. (2013: 433) subsequently insisted that 
sorex and dimidiata exhibit “clear morphological differences,” the only difference they tabulated 
(maxillopalatine foramen length; op. cit., Table 1) was unaccompanied by frequency data, 
statistical analysis, or other relevant supporting details. Together with the sequences obtained by 
Solari (2010) for specimens from Argentina (Santa Fe), Paraguay (Itapuá), and Uruguay (San 
José), the new sequences obtained in this study for specimens from Argentina (Misiones, Santa 
Fe, Buenos Aires) and Brazil (São Paulo, Santa Catarina and Rio Grande do Sul) (Supporting 
Information, Table 1) confirm the lack of genetic divergence among populations traditionally 
referred to these taxa, which we regard as synonyms following Vilela et al.’s (2010) revision. 
Monodelphis scalops and M. theresa were also regarded as distinct species by Pine and 
Handley (2008) based, again, primarily on pelage traits. As distinguished by their key and in the 
primary literature (Thomas, 1888b, 1921), scalops is distinguished by a reddish head and rump 
separated by a broad swath of unstriped grizzled-grayish fur on the back and flanks. By contrast, 
specimens traditionally identified as theresa have prominent blackish dorsal stripes on a reddish 
or brownish background. Gomes (1991), however, suggested that the theresa phenotype 
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represents the immature pelage, and that the scalops phenotype is the mature pelage, of the same 
species. Our results support Gomes’s (1991) interpretation: among the voucher specimens we 
examined, stripes are present in young and young adult specimens (e.g., MZUSP 31095, MZUSP 
31098, MZUSP 31624, MZUSP 33088, MVZ 182775, MVZ 182776) and old adult females (e.g., 
MZUSP 30652, MZUSP 30757, FMNH 141587), whereas old adult males (e.g., UFMG 2251, 
MZUSP 30702) completely lack stripes, having a grayish mid-dorsum and reddish head and 
rump. Therefore, dorsal pelage variation in this species seems to be both ontogenetic and 
sexually dimorphic. 
Monodelphis americana, M. rubida, and M. umbristriata are said to be distinguishable 
from one another by pelage traits. As traditionally recognized, americana has distinct (blackish) 
dorsal stripes on a brownish background, whereas umbristriatus has faint dark-reddish stripes on 
a paler-reddish background, and rubida is uniformly reddish dorsally with no stripes at all 
(Lemos et al., 2000; Pine and Handley, 2008). However, sequencing results reported by 
Caramaschi et al. (2011) and in this report suggest that dorsal striping is not a reliable taxonomic 
character in this complex. For example, sequences obtained from specimens representing the 
rubida coat-color phenotype (MCN-M 2149 and MCN-M 2151 from Bahia) and the umbristriata 
phenotype (MN 46570, from Goiás) were recovered nested within a cluster of sequences 
obtained from specimens with americana-like dorsal striping (Fig. 2). Our examination of 
voucher material supports previous suggestions (e.g., by Cabrera, 1958; Cardoso, 2009; Goeldi, 
1894; Thomas, 1888a) that such pelage-color variation depends on age and sex: most young 
specimens of both sexes and adult female specimens are brownish with three distinct dorsal 
stripes (as in traditionally-recognized americana), whereas adult males tend to be redder and 
usually lack stripes (as in rubida) or have faint stripes that are sometimes barely distinguishable 
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from the reddish dorsal background color (as in umbristriata). Although more than one valid 
taxon might eventually be recognized among the material we refer to M. americana, there seems 
to be no good justification for retaining rubida or umbristriata as valid names at the present time. 
Monodelphis glirina and M. maraxina have long been considered distinct species (e.g., 
by Handley and Pine, 2008), but Pavan et al. (2012) noted the striking resemblance of maraxina 
(known only from Marajó Island, at the mouth of the Amazon in the Brazilian state of Pará) to 
specimens of glirina from the adjacent mainland between the Xingu and the Tocantins. Their 
hypothesis that maraxina might be a geographic variant of glirina is corroborated by a partial 
CYTB sequence we obtained from a topotype of maraxina (BMNH 24.2.4.43) that clusters with 
sequences of mainland glirina from eastern Pará (Fig. 2), from which it differs by an average p-
distance of only 1.8%. 
Putative new species 
 “Species 1” is represented in our analyses by three southeastern Brazilian specimens 
(from São Paulo, Minas Gerais, and Espírito Santo; Fig. 2) that comprise a highly divergent 
clade sister to Monodelphis kunsi in all of our phylogenetic analyses. Based on our analysis of 
voucher specimens, this seems to be the same taxon that Pine and Handley (2008) referred to as 
“Monodelphis species E” based on a specimen from Itatiaya (in Rio de Janeiro), and it is the 
same taxon that Gomes (1991) called “Monodelphis macae” (an unavailable manuscript name) 
based on another specimen from Rio de Janeiro. Curiously, this is a moist-forest species, 
whereas M. kunsi primarily inhabits dry forest. 
“Species 2” appears to be widespread in lowland rainforest along the south bank of the 
Amazon in Brazil (Fig. 3). Referred specimens (from Pará and Rondônia) form a strongly 
supported group that is embedded within clade E in all of our analyses, usually clustered with a 
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triplet of species from western Amazonia and the Andes (M. handleyi, M. peruviana, and M. 
osgoodi). Voucher material of this taxon closely resembles two unsequenced specimens (MN 
73872 and 74002) from the Serra dos Carajás (in Pará) that Gettinger et al. (2011) had previously 
identified as M. kunsi. 
“Species 3” corresponds to the Brazilian specimen (MN 37830) from Sumuru (in 
Roraima; Fig. 3) that was previously sequenced for CYTB and IRBP by Carvalho et al. (2011), 
who referred to it as “Monodelphis sp. 1.” This taxon, which we recovered as sister to M. glirina 
+ M. sanctaerosae (Fig. 2), is apparently unknown from other material, and we have not 
examined the voucher. The collecting locality is in a region of mixed savanna and rain forest, but 
we do not know in which habitat it was found.  
“Species 4” is known from just two Brazilian specimens, one from Manaus (INPA 2854) 
and the other from Urucará (EC07), both in the state of Amazonas to the north of the Amazon 
and east of the Rio Negro (Fig. 3). This is the taxon previously referred to as “Monodelphis 
brevicaudata Manaus” by Pavan et al. (2012). Both known collection localities are from 
rainforested landscapes, and it was recovered in a clade (Fig. 2) that includes other rainforest 
species from northeastern Amazonia (M. arlindoi, M. brevicaudata, M. touan) and northern 
Venezuela (M. palliolata). 
“Monodelphis species A” 
“Monodelphis species A” of Pine and Handley (2008), which is said to inhabit the 
savanna landscapes of northern Venezuela, was previously known as M. orinoci (e.g., by Pérez-
Hernández, 1985, 1989; Pérez-Hernández et al., 1994; Reig et al., 1977; Ventura et al., 2005; 
Ventura et al., 1998). However, specimens referred to orinoci by Venezuelan authors do not, in 
fact, resemble the holotype of orinoci Thomas, 1899, which is a junior synonym of M. 
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brevicaudata (see Voss et al., 2001). Instead, this savanna phenotype resembles geographically 
adjacent populations of M. palliolata (part of the M. brevicaudata complex sensu Pavan et al., 
2012) that inhabit moist forests, but it has distinctively paler fur. Although “orinoci” (in the 
misapplied sense of the authors cited above) is also said to be smaller than palliolata, 
measurements of samples assigned to these taxa by Ventura et al. (1998) exhibit overlapping 
variation, so none is diagnostic. Additionally, Reig et al. (1977) mentioned unspecified cranial 
traits that allegedly diagnose “orinoci,” but none have subsequently been identified in the 
literature. According to Pérez-Hernández (1989), it is extremely difficult to distinguish palliolata 
from “orinoci” at localities where both could be expected to occur, so the phenotypic distinctness 
of these forms seems questionable, even to researchers who recognize them as valid taxa. 
Our sequence data for “Monodelphis species A” was obtained from a specimen collected 
at the Estación Biológica de los Llanos in the Venezuelan state of Guárico. This savanna locality 
(Blydenstein, 1961) was among those from which Pine and Handley (2008) examined material of  
“species A,” and it is also one of the localities from which Pérez-Hernández (1989) and Ventura 
et al. (1998) examined material of “orinoci.” The specimen itself (KU 123941) fits published 
descriptions of “orinoci,” being much paler in coloration than specimens of palliolata from 
moist-forested localities. Nevertheless, the partial (800 bp) CYTB sequence we obtained from 
KU 123941 was recovered as sister to two specimens of palliolata (Fig. 2), from which it differs 
by an average p-distance of just 0.9%. Given our results and the known evolutionary plasticity of 
substrate-matching pelage color in other small mammals (Bowen and Dawson, 1977; Dice, 1941; 
Hoekstra, 2005), we interpret “species A” as a geographic coat-color variant of M. palliolata, 
presumably one adapted to match the substrate of sandy savanna soils.  
Relationships within Monodelphis 
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Although basal relationships within the genus remain weakly supported, perhaps because 
the first several cladogenetic events seem to have occurred over a short period of time, our 
analyses provide strong support for several groups of species. Some of these species groups 
resemble those recognized by previous researchers, but our results provide greater taxonomic 
resolution and stronger support for resolved relationships than in any previous study. Because the 
three monotypic “groups” (clades A, B, and C) are not controversial—except with respect to the 
synonymies discussed earlier—we focus our attention on the three strongly-supported groups 
containing multiple species.  
Of these, clade D—which may be called the Monodelphis americana group—is unique to 
this study, not having been recovered by any previous phylogenetic analysis of molecular or 
morphological data. Although Solari (2010) recovered M. gardneri (his “species C”) as sister to 
M. americana, that relationship was only weakly supported, and M. iheringi was not included in 
his analysis. Pine et al. (2013) scored M. iheringi for morphological characters, but they did not 
include M. americana or M. gardneri in their analysis. Because clade D includes two species 
from the Atlantic coastal region of Brazil and another from the Peruvian Andes, it presumably 
had a more extensive distribution at some time in the past than it does today. Bayesian analysis 
strongly supports a close relationship between this group and M. scalops, another species from 
the Atlantic coastal region of Brazil, and this relationship (M. scalops + clade D) is additionally 
supported by striped dorsal pelage, which (although lost ontogenetically in two member species) 
optimizes as an unambiguous synapomorphy using parsimony (Fig. 4) and as the most probable 
ancestral state under likelihood (Fig. 5).   
 Clade E—which may be called the Monodelphis adusta group—includes all of the 
members of similarly-named species groups identified by Lim et al. (2010) and Solari (2010), 
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but it also includes M. kunsi (the relationships of which were not convincingly resolved in those 
studies) and two unnamed lineages. Caramaschi et al. (2011: Fig. 3A) recovered M. kunsi as 
sister to other named members of the adusta group, but without strong support. Although the 
adusta group is said to be “associated with the Andean cordillera” (Solari, 2010: 325) and to 
have an Andean common ancestor (Lim, 2012; Lim et al., 2010), only one species (M. osgoodi) 
is an Andean endemic. By contrast, two species—M. handleyi and M. ronaldi (the latter not 
sequenced by us)—are lowland forms, two others (M. adusta and M. peruviana) that do occur in 
the Andes are also widespread in western Amazonian lowlands hundreds of kilometers to the 
east of the mountains, and one (M. reigi) is endemic to the Guiana Highlands. Therefore, the 
biogeographic origin of this group is open to question without a formal analysis based on 
accurate range descriptors (Voss et al., 2013). The results of the present study further confound 
this issue by adding additional member taxa that are widespread in lowland habitats (M. kunsi 
and “species 2”) and one from the coastal mountains of southeastern Brazil (“species 1”).   
Clade F—which may be called the Monodelphis brevicaudata group—is essentially 
similar in membership to the “brevicaudata complex” of Solari (2010) and Pavan et al. (2012). 
However, our analyses include an unnamed lineage closely related to M. glirina from north of 
the Amazon (“species 3”) and another that is sister to M. brevicaudata and its close relatives 
(“species 4”). Apparently, members of the M. brevicaudata group are restricted to lowland and 
foothill habitats (below 1500 m), being replaced by members of other clades in the Andes and 
the Guiana highlands (Voss et al., 2012). Species of this group are notably absent from the moist 
forests of southeastern Brazil, although M. domestica occurs in geographically adjacent dry 
forests of the Cerrado and Caatinga. 
Mitochondrial distance comparisons and phylogeography 
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Phylogeographic analyses are beyond the scope of this study, but the large p-distances we 
observed among CYTB sequences from allopatric haplogroups of several Monodelphis species 
are noteworthy. Although high mitochondrial sequence divergence is not, by itself, a reliable 
indicator of taxonomic differentiation (Hogner et al., 2012; Irwin, 2002; Toews and Brelsford, 
2012), mitochondrial genes should be leading indicators of population divergence due to their 
shorter coalescent times (Zink and Barrowclough, 2008). Therefore, the phylogeographic 
patterns reported here (see Section 3.6, above) merit testing with denser geographic sampling, 
careful analyses of morphological character variation, and nuclear-gene sequencing (e.g., as by 
Giarla et al., 2014) to determine whether any represent cryptic taxa. 
Evolution of pelage color patterns 
By comparison with the drab (brownish or grayish) dorsal pelage of most other small 
mammals, some species of Monodelphis appear positively gaudy with their brightly colored and 
sometimes boldly patterned coats (Fig. 1). Because predation by owls is known to select for 
substrate-matching coat-color phenotypes (Dice, 1947; Kaufman, 1974), the dorsal pelage of 
small nocturnal mammals is normally expected to resemble the color of local soils. Additionally, 
most nocturnal small mammals have unpatterned dorsal pelage, with similarly colored fur from 
nose to tail. Therefore, the bright colors and striking patterns of some Monodelphis are unusual 
and beg adaptive explanation. 
Our results suggest that the most recent common ancestor of living species of 
Monodelphis was uniformly colored. Uniformly colored species of Monodelphis tend to be either 
brownish forms that inhabit moist forests (e.g., M. adusta and M. peruviana) or grayish forms 
that live in open habitats (e.g., M. domestica and M. sanctaerosae), so there seems to be no 
obvious relationship between pelage patterning and habitat occupancy. However, it is 
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noteworthy that most species with boldly patterned dorsal pelage are forest-dwellers, an 
observation that prompted us to rescore pelage as a binary trait and to test for a correlation with 
habitat occupancy. Interestingly, the significance of Pagel’s (1994) test statistic hinges on 
alternative habitat scoring for a species widely distributed in both moist forests and grassland. 
When M. dimidiata is scored as occupying moist forests, the correlation between pelage and 
habitat is marginally significant, but when M. dimidiata is scored as inhabiting open habitats, the 
correlation is still positive but nonsignificant. 
Despite the ambiguous outcome of correlation analyses that require species as terminal 
taxa (to guarantee the evolutionary independence of phylogenetic branches; Pagel, 1994), several 
examples of intraspecific geographic variation lend credence to the notion that pelage patterning 
and habitat are not independent. In particular, moist-forest populations of M. dimidiata (formerly 
referred to M. sorex) have more boldly patterned and richly colored dorsal fur than grassland 
populations, in which dorsal pelage markings are less distinct and the contrasting pigments are 
paler. Similarly, moist-forest populations of M. palliolata are more boldly marked and richly 
colored than populations in the Llanos (formerly referred to M. orinoci), in which the markings 
are less distinct and the colors paler. Lastly, moist-forest populations of M. glirina are boldly 
patterned with grayish middorsums and reddish flanks, whereas populations on mineral outcrops 
with open vegetation are much paler and lack distinct markings.  
Another life-history variable that might eventually prove relevant for understanding the 
evolution of pelage markings in Monodelphis is behavior. Although most small mammals are 
nocturnal, several species of Monodelphis are known to be at least partially diurnal, including M. 
americana, M. dimidiata, M. scalops, and M. touan (see Charles-Dominique et al., 1981; Davis, 
1947; Nitikman and Mares, 1988; Pine et al., 1985). Interestingly, all of these species have 
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patterned pelage, whereas the single species known to be nocturnal (M. domestica; Streilein, 
1982) has unpatterned pelage. Although some pelage patterns, especially those that include 
bright reddish hues, do not seem cryptic in white light, daytime light environments, especially in 
forests, are surprisingly variable (Endler, 1993). Therefore, diurnality might be an important 
independent variable to consider in future correlational analyses of pelage evolution in 
Monodelphis. Unfortunately, diel activity patterns are currently unknown for most species, so 
such analyses are not feasible at the present time. 
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APPENDIX A, TABLE A.1. Primers used in this study 
Gene Primer name  Primer sequence Source 
CYTB DidMVZ05F 5’ ATAACCTATGGCATGAAAAACCATTGTTG  (Giarla et al., 2010) 
 MonoCYTB795R 5’ GGAARTATCATTCTGGTTTAATATGAGG this study 
 MonoCYTB655F 5’ TTAAYCCTRAYTCAGACAAAATYCC this study 
 brev629F 5’ AACTGGATCAAACAACCCAACAGG this study 
 emiliae545F 5’ TAACCCGATTCTTCGCATTCCA this study 
 adusta551F 5’ ACTCGATTCTTCGCATTCCACTTYAT this study 
 ameri646F 5’ CAACAGGAATTAACCCWGATTCAG this study 
 DidCYTB1260R 5’ CCTTCATTGCTGGCTTACAAGGC this study 
 brev250R 5’ CATGNAGRTTTCGGATWAGTCA this study 
 brev157F 5’ ATRCACTAYACATCAGAYACC this study 
 brev395R 5’ TTTGTCCTCATGGRAGTACATAYCC this study 
 brev356F 5’ ATATAAAGAAACCTGAAACATCGGAG this study 
 brev618R 5’ TRATYCCTGTTGGGTTRTTTGATC this study 
 brev534F 5’ GYTYCTCAGTAGATAAAGCTACATTAAC this study 
 brev759F 5’ ARCACTATTTTCACCAGAYATACTAGG this study 
 brev1009R 5’ GTTGCCCTCCRATTCATGTAAGG this study 
 brev949F 5’ ACTYCAYACATCTAAACAACGAAGC this study 
IRBP MonoIRBP_F1 5’ AATCTTTCAACCTAGTCTGGTC this study 
 878F_R 5’ CTCCACTGCCCTCCCATGTCT Jansa and Voss (2000) 
 MonoIRBP_F2 5’ TGCCTACATCCTCAAGAAGTTGCG this study 
 1313D1_R 5’ CATCATCAAACCGCAGATAGCCCA Jansa and Voss (2000) 
BRCA1 MonoBRCA1_F1  5’ AATGARACTGAACTACAGATCGAT this study 
 R1780 5’ TAAATAYTGGGTRTCRAGTTCACT Voss and Jansa (2009) 
 F1697 5’ TTWGATGRTTGTTCATCYRAAAACAC Voss and Jansa (2009) 
 MonoBRCA1_R2 5’ GAAATTTCCTSGTTATTTCCAGCAA this study 
OGT OGT_F1 5’ AAATCATTTCATCGACCTTTCTCAG Giarla et al. (2013) 
 OGT_R1 5’ GCTGCTTTTCCATTACAGGGAAT Giarla et al. (2013) 
SLC38 SLC_F2 5’ TTCTTCCTTTGTCATTGCTGAG J.F. Díaz-Nieto 
  SLC_R3 5’ AGTTGAAGATAAAGTACCGGGG J.F. Díaz-Nieto 
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APPENDIX B, TABLE B.1. States coding used for character reconstruction analyses (see text). 
Two discrete characters were coded for 22 species of Monodelphis and nine outgroups: dorsal 
pelage pattern (DPP: 0 = uniform, 1 = reddish sides, 2 = dorsal stripes, 3 = reddish head-and-
rump) and habitat occupancy (HO: 0 = moist forest, 1 = open vegetation).  
Species DPP HO 
Monodelphis adusta 0 0 
Monodelphis americana
a
 0/2 0 
Monodelphis arlindoi 1 0 
Monodelphis brevicaudata
b
 0/1 0 
Monodelphis dimidiata
c
 1 0/1 
Monodelphis domestica 0 1 
Monodelphis emiliae 3 0 
Monodelphis gardneri 2 0 
Monodelphis glirina
d
 0/1 0/1 
Monodelphis handleyi 0 0 
Monodelphis iheringi 2 0 
Monodelphis kunsi
e
 0 1 
Monodelphis osgoodi 0 0 
Monodelphis palliolata
f
 1 0/1 
Monodelphis peruviana 0 0 
Monodelphis reigi 0 0 
Monodelphis sanctaerosae 0 1 
Monodelphis scalops
a
 2/3 0 
Monodelphis sp. 1 0 0 
Monodelphis sp. 2 0 0 
Monodelphis sp. 4 1 0 
Monodelphis touan 1 0 
Marmosa murina 0 0 
Micoureus demerarae 0 0 
Tlacuatzin canescens 0 0 
Marmosops parvidens 0 0 
Thylamys macrurus 0 0/1 
Didelphis albiventris 0 0/1 
Lutreolina crassicaudata 0 1 
Metachirus nudicaudatus 0 0 




 Females and young specimens of Monodelphis americana and M. scalops exhibit dorsal stripes, 
but males tend to lose their stripes with age, acquiring either a uniformly reddish coloration (M. 
americana) or a reddish head-and-rump (M. scalops). 
b 
Most specimens of Monodelphis brevicaudata exhibit reddish sides, but some specimens from 
northwestern Guyana have uniformly reddish dorsal pelage (Pavan et al., 2012). 
c 
Monodelphis dimidiata occurs in both the Pampas (open vegetation) and the Atlantic Forest 
(Vilela et al., 2010). 
d 
Monodelphis glirina exhibits geographic variation in both pelage traits and habitat occupancy. 
The reddish flanks typical of M. glirina specimens from moist-forested areas is replaced by a 
uniformly grayish dorsal pelage in populations east of the Xingu river (Pavan et al., 2012, This 
report, Section 4.5), where the species has mostly been collected on mineral outcrops (locally 
known as “Cangas”; A.C.M. Oliveira, pers. comm.; Martins et al., 2012) that support open 
vegetation. 
e
Monodelphis kunsi primarily inhabits dry forest. Although it has been reported from evergreen 
forest in western Bolivia (Vargas et al., 2003), we have not sequenced or analyzed any specimen 
of M. kunsi from this habitat. 
f




APPENDIX C, TABLE C.1. State coding used for Pagel’s (1994) correlation tests. Two binary 
characters were coded for 22 species of Monodelphis: dorsal pelage pattern (DPP: 0 = 
unpatterned, 1 = patterned) and habitat occupancy (HO: 0 = moist forest, 1 = open vegetation). 
Species DPP HO 
Monodelphis adusta 0 0 
Monodelphis americana* 1 0 
Monodelphis arlindoi 1 0 
Monodelphis brevicaudata* 1 0 
Monodelphis dimidiata* 0 0 or 1 
Monodelphis domestica 0 1 
Monodelphis emiliae 1 0 
Monodelphis gardneri 1 0 
Monodelphis glirina* 1 0 
Monodelphis handleyi 0 0 
Monodelphis iheringi 1 0 
Monodelphis kunsi 0 1 
Monodelphis osgoodi 0 0 
Monodelphis palliolata* 1 0 
Monodelphis peruviana 0 0 
Monodelphis reigi 0 0 
Monodelphis sanctaerosae 0 1 
Monodelphis scalops* 1 0 
Monodelphis sp. 1 0 0 
Monodelphis sp. 2 0 0 
Monodelphis sp. 4 1 0 
Monodelphis touan 1 0 
* These species exhibit polymorphisms for “dorsal pelage pattern” and/or “habitat” (see 
Appendix B for details). Because polymorphisms cannot be coded as such for analysis using 
Bayes Traits (Pagel and Meade, 2006), we scored modal traits (the most commonly observed 
condition) for most of these species. However, no unambiguously modal condition for habitat 
occupancy could be assigned to M. dimidiata (which is known to inhabit both moist forest and 
open formations; Vilela et al. 2010). Therefore, two correlation tests were conducted, one with M. 
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Selected Model/ Partitions 
CYTB 453 420-1149 1149 575 514 
SYM+I+G for 1st position, HKY+I+G for 2nd, 
GTR+I+G for 3rd 
IRBP 114 710-1158 1158 909 157 GTR+G for 1st, HKY+I for 2nd, K80+G for 3rd 
BRCA1 106 377-952 952 683 155 HKY+G for 1st, HKY+G for 2nd, HKY+G for 3rd 
OGT 106 634-666 747 440 187 HKY+G 
SLC38 100 599-884 976 551 277 SYM+G 
Combined 110 659-4809 4982 3198 1268 
SYM+I+G for 1st_CYTB, HKY+I+G for 
2nd_CYTB and 2nd_IRBP; GTR+I+G for 
3rd_CYTB, GTR+G for 1st_IRBP, K80+G for 
3rd_IRBP and OGT, HKY+G for 1st, 2nd, and 









TABLE 2. Support from single-gene analyses for selected monophyletic groups recovered by analyses of the combined-gene dataset 
(Fig. 2). (X) = weak support (BS<75%, PP<95%), X = strong support (BS≥75%, PP≥95%), n.r. = not recovered. 
  CYTB  IRBP  BRCA1  OGT  SLC38 
 MP ML BI  MP ML BI  MP ML BI  MP ML BI  MP ML BI 
Monodelphis n.r. (X) X  X X X  X X X  X X X  X X X 
Clade A (X) X X  X X X  X X X  X X X  X X X 
Clade B X X X  X X X  X X X  X X X  X X X 
Clade C X X X  X X X  X X X  X X X  X X X 
Clade D (X) X X  n.r. n.r. n.r.  (X) X X  X X X  X X X 
Clade E (X) (X) X  (X) X X  X X X  (X) (X) X  X X X 
Clade F X X X  (X) X X  X X X  X X X  X X X 
C + D n.r. n.r. n.r.  n.r. n.r. n.r.  (X) (X) X  n.r. n.r. n.r.  (X) (X) (X) 




TABLE 3. Species of Monodelphis Burnett, 1830, sequenced and recognized as valid in this 
report. Nomenclature follows Pine and Handley (2008) with exceptions as noted. We did not 
sequence material of M. ronaldi Solari, 2004, or M. unistriata (Wagner, 1842), which are not 
listed here. 
Species Notes on usage 
M. adusta (Thomas, 1897) As restricted by Solari (2007). 
M. americana (Müller, 1776) Includes rubida Thomas, 1899, and umbristriata Miranda-Ribeiro, 1936. 
M. arlindoi Pavan et al., 2012  
M. brevicaudata (Erxleben, 1777) As restricted by Pavan et al. (2012). 
M. dimidiata (Wagner, 1847) Includes sorex Hensel, 1872. 
M. domestica (Wagner, 1842)  
M. emiliae (Thomas, 1912)  
M. gardneri Solari et al., 2012  
M. glirina  (Wagner, 1842) Includes maraxina Thomas, 1923. 
M. handleyi Solari, 2007  
M. iheringi (Thomas, 1888)  
M. kunsi Pine, 1975  
M. osgoodi (Doutt, 1938)  
M. palliolata (Osgoodi, 1914) Includes “Monodelphis species A” of Pine and Handley (2008). 
M. peruviana (Osgood, 1913) As recognized by Solari (2007). 
M. reigi Lew and Pérez-Hernández, 2004  
M. sanctaerosae Voss et al., 2012  
M. scalops  (Thomas, 1888) Includes theresa Thomas, 1921. 






FIGURE 1. Species of Monodelphis with alternative dorsal pelage color patterns: A, M. 
domestica (uniform coloration); B, M. touan (reddish sides); C, M. emiliae (reddish head-and-
rump); D, M. americana (dorsal stripes). Photo credits (clockwise from top left: T. Semedo, S. 





FIGURE 2. Maximum-likelihood topology for Monodelphis based on analyses of the combined-
gene dataset (4982 aligned sites) for 101 ingroup terminals and 9 outgroup taxa (ln-likelihood -
36704.85). Support statistics from a maximum-parsimony (MP) bootstrap analysis and a 
maximum-likelihood (ML) bootstrap analysis are indicated at each resolved node along with 
Bayesian posterior probabilities (BPP). White wedges indicate MP and ML bootstrap frequencies 
≤50%, grey indicates bootstrap frequencies between 50% and 75%, and black indicates bootstrap 
frequencies ≥75%. For Bayesian statistics, white indicates BPP <0.95, whereas black indicates 




FIGURE 3. Collecting localities of Monodelphis specimens with analyzed sequence data. Clades 




FIGURE 4. Maximum-parsimony reconstructions of ancestral states for dorsal pelage pattern and 
habitat. See text for character definitions and scoring criteria. Internal nodes are colored to show  




FIGURE 5. Maximum-likelihood reconstructions of ancestral states for dorsal pelage pattern and 
habitat. See text for character definitions and scoring criteria. Pie diagrams at internal nodes 
represent estimated probabilities of alternative states. Note that polymorphisms were optimized 
as distinct states in Mesquite v2.75 (Maddison and Maddison, 2011).
 
 54 
SUPPORTING INFORMATION, CATALOG DATA OF VOUCHER MATERIAL 
 
Voucher material for DNA sequences analyzed in this report (Supporting Information, 
Table 1) is preserved in the following collections (in the United States except as noted 
otherwise): AMNH (American Museum of Natural History, New York); BMNH (Natural 
History Museum, London, UK); CBF (Colección Boliviana de Fauna, La Paz, Bolivia); CM 
(Carnegie Museum of Natural History, Pittsburgh); CNP (Centro Nacional Patagónico, Puerto 
Madryn, Argentina); EBRG (Museo de la Estación Biológica de Rancho Grande, Maracay, 
Venezuela); EV (Laboratorio de Evolución, Universidad de la República, Montevieo, Uruguay); 
FMNH (Field Museum, Chicago); IEPA (Instituto de Pesquisas Científicas e Tecnológicas do 
Estado do Amapá, Macapá, Brazil); INPA (Instituto Nacional de Pesquisas da Amazônia, 
Manaus, Brazil); ISEM (Institut des Sciences de l’Evolution, Montpellier, France); KU 
(Biodiversity Research Center, University of Kansas, Lawrence); LBCE (Laboratório de 
Biologia e Parasitologia de Mamíferos Silvestres Reservatórios, Instituto Oswaldo Cruz, Rio de 
Janeiro, Brazil); LIEY (Laboratorio de Investigaciones Ecológicas de las Yungas, Universidad 
Nacional de Tucumán, Tucumán, Argentina); LZUFPI (Laboratório de Zoologia Prof. Antônio J. 
Dumbra, Universidade Federal do Piauí, Teresina, Brazil); MBML (Museu de Biologia Melo 
Leitão, Santa Teresa, Brazil); MCN-M (Coleção de Mamíferos, Museu de Ciências Naturais 
PUC Minas, Belo Horizonte, Brazil); MHNCI (Museu de História Natural Capão da Imbuia, 
Curitiba, Brazil); MN (Museu Nacional, Universidade Federal do Rio de Janeiro, Rio de Janeiro, 
Brazil); MPEG (Museu Paraense Emílio Goeldi, Belém, Brazil); MSB (Museum of 
Southwestern Biology, University of New Mexico, Albuquerque); MUSM (Museo de Historia 
Natural de la Universidad Nacional Mayor de San Marcos, Lima, Peru); MVZ (Museum of 
Vertebrate Zoology, University of California, Berkeley); MZUSP (Museu de Zoologia da 
Universidad do São Paulo, São Paulo, Brazil); ROM (Royal Ontario Museum, Toronto, Canada); 
TTU (Museum of Texas Tech University, Lubbock); UFES (Universidade Federal do Espírito 
Santo, Vitória, Brazil); UFMG (Universidade Federal de Minas Gerais, Belo Horizonte, Brazil); 
UFPB (Universidade Federal da Paraiba, João Pessoa, Brazil); UFPE (Universidade Federal de 
Pernambuco, Recife, Brazil); UEMA (Universidade Estadual do Maranhão, São Luís, Brazil); 
UMMZ (University of Michigan Museum of Zoology, Ann Arbor); UNIR (Fundação 
Universidade Federal de Rondônia, Porto Velho, Brazil); USNM (National Museum of Natural 
History, Smithsonian Institution, Washington).  
Uncatalogued material is identified (in Supporting Information, Table 1) by the acronym 
of the museum where it is currently housed followed by field numbers (in parentheses) with the 
following prefixes: AN = A. Nunes; APC = A.P. Carmignoto (Universidade Federal de São 
Carlos, Brazil); BDP = B.D. Patterson (FMNH); CD and LG = L. Geise (Universidade Estadual 
do Rio de Janeiro [UERJ], Brazil); CGB = C.G. Bantel (INPA); CEG = C.E. Grelle 
(Universidade Federal do Rio de Janeiro [UFRJ], Brazil); CRB = C.R. Bonvicino (LBCE); EY = 
E. Yensen (Orma J. Smith Museum of Natural History, College of Idaho, Caldwell, Idaho); JPJ = 
J. P. Jayat (LIEY); L- = O.J. Linares (Universidad Simón Bolívar, Venezuela); LMP = L.M. 
Pessoa (UFRJ); JAA = J.A. Amanzo (MUSM); LHE = L. H. Emmons (USNM); LPC = L.P. 
Costa (UFES); MSL = J.P. Garcia (UFRJ); MTR = M.T. Rodrigues (Departamento de Zoologia, 
Instituto de Biociências, Universidade de São Paulo, Brazil); PHA = P.H. Asfora (UFPE); TTS = 
T. Tarifa-Suárez (Orma J. Smith Museum of Natural History, College of Idaho, Caldwell, Idaho). 
The prefixes ABA, II-M, IT-M, PEU, PNSC, ST, StoAn, and UNIBAN and the unprefixed 
numerals “1345” and “1704” correspond to field series of  the MZUSP; EC, MBA, TF, and TGP 
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correspond to field series at the MPEG; DS, M-, and OT correspond to field series at the MN; 
LTU is a field series prefix at the CNP; and URU and EST are field series prefixes at the UEMA. 






SUPPORTING INFORMATION, TABLE 1. List of Monodelphis vouchers and sequences used for this study. Voucher numbers in 
bold indicate specimens that we examined to confirm identifications; underlined voucher numbers refer to specimens from which 
dried tissue was used for DNA extraction and sequencing. See Catalog data of voucher material (above) for explanations of voucher 
acronyms. Locality numbers (in parentheses) are keyed to entries in the Gazetteer (below).  
Species Voucher Locality 
Genbank # (number of base pairs) 
Cytb IRBP BRCA1 OGT SLC38 
adusta TTU 84865 Ecuador: Pastaza (197) KM071397 (795)     
adusta TTU 84899 Ecuador: Pastaza (197) KM071398 (786) KM071048 (1132) KM070956 (902) KM071236 (649) KM071142 (863) 
adusta KU 157978 Peru: Loreto (234) HM998564
a
 (810) KM071047 (1131) KM070955 (946) KM071235 (649) KM071141 (863) 
adusta TTU 101164 Peru: Loreto (235)  KM071049 (1158) KM070957 (921) KM071237 (649) KM071143 (863) 
adusta TTU 98864 Peru: Loreto (235) HM998563
a
 (810)     
adusta TTU 101019 Peru: Loreto (235) DQ386622
b
 (616)     
adusta TTU 98686 Peru: Loreto (235) DQ386621
b
 (702)     
americana MPEG (TGP 007) Brazil: Pará (124) KM071581 (1149) KM071063 (1158) KM070972 (946) KM071252 (642) KM071157 (870) 
americana MZUSP 29462 Brazil: Ceará (64) KM071582 (1149) KM071057 (1158) KM070966 (946) KM071246 (642) KM071151 (873) 
americana MZUSP 29461 Brazil: Ceará (62) KM071363 (1135)     
americana UFPE (PHA 545) Brazil: Pernambuco (158) KM071584 (1149)     
americana UFPE (PHA 289) Brazil: Pernambuco (155) KM071583 (1149)     
americana UFPE (PHA 467) Brazil: Pernambuco (156) KM071586 (1149)     
americana UFPE (PHA 470) Brazil: Pernambuco (156) KM071585 (1149) KM071060 (1158) KM070969 (946) KM071249 (642) KM071154 (873) 
americana
c
 MCN-M 2149 Brazil: Bahia (56) KM071347 (1142) KM071055 (1158) KM070964 (946) KM071244 (642) KM071149 (796) 
americana
c
 MCN-M 2150 Brazil: Bahia (56) KM071393 (1133)     
americana
c
 MCN-M 2151 Brazil: Bahia (56) KM071396 (774)     
americana
c
 MCN-M 2152 Brazil: Bahia (56) KM071394 (790)     
americana
c
 MCN-M 2234 Brazil: Bahia (56) KM071395 (795)     
americana
c
 MCN-M 2236 Brazil: Bahia (56) KM071351 (1141)     
americana MZUSP (ABA 25) Brazil: Bahia (50) KM071355 (1137) KM071050 (1158) KM070958 (878) KM071238 (642) KM071144 (876) 
americana MZUSP 29686 Brazil: Bahia (51) KM071578 (1149)     
americana MZUSP 29687 Brazil: Bahia (51) KM071579 (1149)     
americana MZUSP 29783 Brazil: Bahia (51) KM071580 (1149) KM071061 (1146) KM070970 (946) KM071250 (642) KM071155 (877) 
americana UFMG 2005 Brazil: Bahia (59) HM998558
a
 (778)     
americana MZUSP (MTR 13506) Brazil: Bahia (58) KM071392 (1145)     
americana MZUSP (MTR 13509) Brazil: Bahia (58) KM071567 (1149) KM071059 (1146) KM070968 (946) KM071248 (642) KM071153 (877) 
americana MZUSP (MTR 13557) Brazil: Bahia (58) KM071568 (1149)     
americana MZUSP (MTR 12312) Brazil: Espírito Santo (68) KM071362 (1135) KM071058 (1158) KM070967 (946) KM071247 (642) KM071152 (873) 
americana MBML 2704  Brazil: Espírito Santo (68) GU112929
d
 (801)     
americana UFES (LPC 1028) Brazil: Espírito Santo (67) GU112925
d
 (801)     
americana UFES (LPC 1045) Brazil: Espírito Santo (67) GU112927
d
 (799)     
americana UFES (LPC 1114) Brazil: Espírito Santo (67) GU112933
d






Species Voucher Locality 
Genbank # (number of base pairs) 
Cytb IRBP BRCA1 OGT SLC38 
americana UFES (LPC 1130) Brazil: Espírito Santo (67) GU112932
d
 (801)     
americana UFES (LPC 1181) Brazil: Espírito Santo (67) GU112931
d
 (799)     
americana UFES (LPC 990) Brazil: Espírito Santo (67) GU112926
d
 (799)     
americana UFES (LPC 991) Brazil: Espírito Santo (67) GU112928
d
 (801)     
americana UFES (LPC 999) Brazil: Espírito Santo (67) GU112930
d
 (798)     
americana MCN-M 2524 Brazil: Minas Gerais (105) KM071569 (1149) KM071056 (1158) KM070965 (946) KM071245 (642) KM071150 (875) 
americana MCN-M 2437 Brazil: Minas Gerais (107) KM071339 (1122)     
americana MCN-M 1470 Brazil: Minas Gerais (100) KM071391 (1136)     
americana MN (CEG 132) Brazil: Minas Gerais (111) HQ651776
e 
(1149)     
americana MCN-M 1591 Brazil: Minas Gerais (104) KM071572 (1149)  KM070962 (377) KM071242 (634) KM071148 (744) 
americana MCN-M 2016 Brazil: Minas Gerais (110) KM071390 (795)     
americana MCN-M 2204 Brazil: Minas Gerais (101) KM071335 (1130)     
americana MCN-M 1150 Brazil: Minas Gerais (102) KM071373 (997)     
americana MCN-M 2518 Brazil: Minas Gerais (103) KM071342 (643)     
americana
f
 MN 46570 Brazil: Goiás (74) HQ651775
e
 (1149) KM071051 (1158) KM070959 (946) KM071239 (634) KM071145 (877) 
americana MCN-M 2128 Brazil: Rio de Janeiro (168) KM071350 (1141) KM071054 (1158) KM070963 (946) KM071243 (642)  
americana MCN-M 2131 Brazil: Rio de Janeiro (168) KM071570 (1149)     
americana MCN-M 2167 Brazil: Rio de Janeiro (168) KM071571 (1149)     
americana LBCE 4207 Brazil: Rio de Janeiro (170) HQ651774
e
 (1149)     
americana MZUSP 29202 Brazil: São Paulo (188) KM071575 (1149) KM071053 (1145) KM070961 (946) KM071241 (634) KM071147 (813) 












Brazil: São Paulo (185) KM071577 (1149)     
americana MZUSP (StoAn 27) Brazil: São Paulo (193) KM071576 (1149) KM071062 (1158) KM070971 (884) KM071251 (634) KM071156 (796) 
americana MZUSP (IT-M 346) Brazil: Paraná (154) KM071574 (1149) KM071052 (1151) KM070960 (946) KM071240 (634) KM071146 (817) 
arlindoi ROM 115765 Guyana: Potaro-Siparuni (210) KM071444 (1149)     
arlindoi ROM 108692 Guyana: Potaro-Siparuni (209) KM071446 (1149) KM071066 (1151) KM070975 (946) KM071255 (650) KM071160 (882) 
arlindoi ROM 108477 Guyana: Potaro-Siparuni (208) AJ606462
g
 (799)     
arlindoi ROM 103527 
Guyana: Upper Demerara-
Berbice (213) 
KM071443 (1149)     
arlindoi ROM 118998 
Guyana: Upper Takutu-Upper 
Essequibo (214) 
KM071448 (1149)     
arlindoi CM 63511 Suriname: Saramacca (241) KM071445 (1149) AY233781
h
 (1158) KM070978 (946) KM071258 (650) KM071163 (879) 














Species Voucher Locality 
Genbank # (number of base pairs) 
Cytb IRBP BRCA1 OGT SLC38 
arlindoi ROM 120710 Suriname: Sipaliwini (243) KM071440 (1149)     
arlindoi ROM 121275 Suriname: Sipaliwini (242) KM071439 (1149)     
arlindoi MPEG 40048 Brazil: Pará (120) KM071438 (1149) KM071065 (859) KM070974 (923) KM071254 (650) KM071159 (879) 
arlindoi USNM 546215 Brazil: Pará (142) KM071449 (1149)     
arlindoi MPEG 39988 Brazil: Pará (126) KM071450 (1149)     
arlindoi MPEG (MBA 62) Brazil: Pará (125) KM071462 (1149)     
arlindoi MPEG 38099 Brazil: Pará (144) KM071457 (1149)     
arlindoi MPEG 38056 Brazil: Pará (146) KM071451 (1149)     
arlindoi MPEG 38093 Brazil: Pará (144) KM071458 (1149)     
arlindoi MPEG 38054 Brazil: Pará (146) KM071452 (1149)     
arlindoi MPEG 38052 Brazil: Pará (146) KM071459 (1149)     
arlindoi MPEG 38074 Brazil: Pará (146) KM071455 (1149)     
arlindoi MPEG 38095 Brazil: Pará (146) KM071460 (1149)     
arlindoi MPEG 38063 Brazil: Pará (147) KM071456 (1149)     
arlindoi MPEG 39810 Brazil: Pará (145) KM071461 (1149) KM071067 (1158) KM070976 (946) KM071256 (650) KM071161 (882) 
arlindoi MPEG 39811 Brazil: Pará (143) KM071453 (1149     
arlindoi MPEG 39812 Brazil: Pará (143) KM071454 (1149)     
arlindoi IEPA 3252 Brazil: Pará (123) KM071447 (1149)     
arlindoi IEPA 3205 Brazil: Pará (151) KM071442 (1149)     
arlindoi IEPA 2850 Brazil: Pará (151) KM071441 (1149) KM071068 (1126) KM070977 (946) KM071257 (650) KM071162 (882) 
brevicaudata EBRG (L-1920) Venezuela: Bolívar (246) KM071353 (1137)     
brevicaudata EBRG (L-1917) Venezuela: Bolívar (246) KM071470 (1149)     
brevicaudata EBRG (L-1918) Venezuela: Bolívar (247) KM071338 (801) KM071073 (1158) KM070983 (615) KM071263 (650)  
brevicaudata USNM 385004 Venezuela: Bolívar (248) KM071471 (1149)     
brevicaudata USNM 385005 Venezuela: Bolívar (245) KM071377 (728)     
brevicaudata ROM 98909 Guyana: Barima-Waini (207) KM071469 (1149) KM071070 (1158) KM070980 (946) KM071260 (650) KM071166 (876) 
brevicaudata USNM 568009 Guyana: Barima-Waini (206) KM071468 (1149) KM071072 (1158) KM070982 (946) KM071262 (650) KM071168 (880) 
brevicaudata MZUSP (MTR 23220) Brazil: Roraima (180) KM071354 (1140) KM071071 (1158) KM070981 (946) KM071261 (650) KM071167 (881) 
brevicaudata INPA (CGB 90) Brazil: Amazonas (41) KM071467 (1149)     
brevicaudata INPA (CGB 82) Brazil: Amazonas (41) KM071466 (1149) KM071069 (1138) KM070979 (946) KM071259 (647) KM071165 (876) 
brevicaudata INPA (CGB 80) Brazil: Roraima (179) KM071464 (1149)     
brevicaudata INPA (CGB 81) Brazil: Roraima (179) KM071465 (1149)     
dimidiata MZUSP (StoAn109) Brazil: São Paulo (193) KM071385 (1139)     
dimidiata MZUSP 30698 Brazil: São Paulo (194) KM071564 (1149) KM071075 (1136) KM070985 (946) KM071265 (643) KM071170 (862) 




Brazil: São Paulo (185) KM071387 (795)     






Species Voucher Locality 
Genbank # (number of base pairs) 
Cytb IRBP BRCA1 OGT SLC38 
2576) 
dimidiata LBCE 10386 Brazil: Santa Catarina (182) HQ651777
e
 (1149)     
dimidiata MZUSP (1345) 
Brazil: Santa Catarina/Rio 
Grande do Sul (183) 
KM071388 (1145) KM071074 (1039) KM070984 (938) KM071264 (643) KM071169 (868) 
dimidiata MN (CRB 1920) 




 (1149)     
dimidiata MN (DS 19) 




 (729)     
dimidiata MN 37852 




 (730)     
dimidiata MN 37851 






(1158)    
dimidiata MN 37853 




 (744)     
dimidiata MN 37854 






(1114)    
dimidiata MN 37856 




 (733)     
dimidiata CNP 2366 Argentina: Misiones (2) KM071357 (1136)     
dimidiata MSB 140303 Argentina: Santa Fe (6) KM071562 (1149)     
dimidiata MSB 140307 Argentina: Santa Fe (6) KM071563 (1149) KM071077 (1158) KM070987 (946) KM071267 (646) KM071172 (865) 
dimidiata CNP 3453 Argentina: Buenos Aires (1) KM071337 (1129) KM071076 (1158) KM070986 (946) KM071266 (646) KM071171 (796) 
dimidiata MSB 140302 Argentina: Santa Fe (5) HM998568
a
 (810)     
dimidiata MSB 140309 Argentina: Santa Fe (5) HM998569
a
 (822)     
dimidiata EV 1025 Uruguay: San José (244) HM998567
a
 (810)     
dimidiata
l
 TTU (TK65944) Paraguay: Itapúa (221) HM998591
a
 (810)     
dimidiata
l
 TTU (TK66283) Paraguay: Itapúa (222) HM998592
a
 (801)     
domestica AMNH 261231 Bolivia: Chuquisaca (7) KM071431 (1149)     
domestica MSB 55853 Bolivia: Chuquisaca (8) HM998571
a
 (801)     
domestica MSB 56112 Bolivia: Chuquisaca (8) HM998572
a
 (810)     
domestica AMNH 260024 Bolivia: Santa Cruz (22) KM071432 (1149) KM071083 (1158) KM070993 (939) KM071273 (650) KM071178 (846) 
domestica MSB 67023 Bolivia: Santa Cruz (18) HM998573
a
 (804)     
domestica MSB 239736 Bolivia: Santa Cruz (19) HM998574
a
 (810)     
domestica MSB 239784 Bolivia: Tarija (23) HM998576
a
 (810)     
domestica MSB 235457 Bolivia: Tarija (24) HM998575
a
 (810)     
domestica TTU 116524 Paraguay: Alto Paraguay (215) KM071380 (1118)     
domestica TTU 116523 Paraguay: Boqueron (217) KM071433 (1149)     
domestica MSB 82534 Paraguay: Concepción (220) KM071434 (1149) KM071084 (1158) KM070994 (844) KJ129914
y






Species Voucher Locality 
Genbank # (number of base pairs) 
Cytb IRBP BRCA1 OGT SLC38 
domestica MSB 82535 Paraguay: Amambay (216) KM071437 (1149)     
domestica TTU 116525 Paraguay: Canindeyú (219) KM071435 (1149)     
domestica MN 64681 Brazil: Mato Grosso (92) HQ651758
e
 (1149)     
domestica MN 64706 Brazil: Mato Grosso (92) HQ651759
e
 (1149)     
domestica MZUSP 35054 Brazil: Mato Grosso (93) KM071426 (1149)     
domestica MZUSP 35081 Brazil: Mato Grosso (93) KM071427 (1149)     
domestica LBCE 5681 Brazil: Mato Grosso (94) HQ651753
e
 (1149)     
domestica LBCE 5356 Brazil: Mato Grosso (94) HQ651754
e
 (1149)     
domestica LBCE 4452 




 (1149)     
domestica LBCE 4882 




 (1149)     
domestica LBCE 5513 




 (1149)     
domestica MVZ 197457 
Brazil: Mato Grosso do Sul 
(97) 
KM071436 (1149) KM071080 (1158) KM070990 (946) KM071270 (650) KM071175 (866) 
domestica MZUSP (APC 601) Brazil: Goiás (83) KM071428 (1149)     
domestica MZUSP (APC 671) Brazil: Goiás (77) KM071359 (1135) KM071078 (1151) KM070988 (946) KM071268 (650) KM071173 (846) 
domestica MZUSP (APC 677) Brazil: Goiás (77) KM071356 (1136)     
domestica MN (OT 6567) Brazil: Goiás (79) EF154201
k
 (681)     
domestica MN (OT 7456) Brazil: Goiás (79) EF154202
k
 (767)     
domestica MN (OT 4711) Brazil: Goiás (79) EF154203
k
 (740)     
domestica MN (OT 8045) Brazil: Goiás (79) EF154204
k
 (740)     
domestica MN (OT 8047) Brazil: Goiás (79) EF154205
k
 (1149)     
domestica MN (OT 8048) Brazil: Goiás (79) EF154206
k
 (682)     
domestica MN 37846 Brazil: Goiás (79) EU750745
k
 (640)     
domestica MN 36927 Brazil: Goiás (73) EF154196
k
 (771)     
domestica MN 37346 Brazil: Goiás (73) EF154197
k
 (684)     
domestica MN 37428 Brazil: Goiás (73) EF154198
k
 (761)     




 (1151)    
domestica MN 36733 Brazil: Goiás (82) EF154194
k
 (729)     
domestica MN 36816 Brazil: Goiás (82) EF154239
k
 (706)     
domestica MN 36810 Brazil: Goiás (82) EU750738
k
 (640)     
domestica MN (CRB 2372) Brazil: Goiás (81) HQ651773
e
 (1149)     
domestica MN 36286 Brazil: Goiás (72) EF154195
k
 (720)     
domestica MN 36418 Brazil: Goiás (72) EF154199
k
 (729)     




 (1066)    
domestica MN 36269 Brazil: Goiás (72) EF154209
k






Species Voucher Locality 
Genbank # (number of base pairs) 
Cytb IRBP BRCA1 OGT SLC38 
domestica MN 36278 Brazil: Goiás (72) EF154210
k
 (754)     
domestica MN 36258 Brazil: Goiás (72) EF154211
k
 (745)     
domestica MN 36409 Brazil: Goiás (72) EF154212
k
 (729)     
domestica MN 36429 Brazil: Goiás (72) EF154240
k
 (747)     
domestica MN 36223 Brazil: Goiás (72) EU750739
k
 (640)     




 (1151)    
domestica MN 36302 Brazil: Goiás (72) EU750742
k
 (640)     
domestica MN 36396 Brazil: Goiás (72) EU750743
k
 (640)     
domestica MN 36408 Brazil: Goiás (72) EU750744
k
 (586)     
domestica MN 36710 not given EF154207
k
 (624)     
domestica LBCE 7517 Brazil: Goiás (80) HQ651769
e
 (1149)     
domestica MN (CRB 966) Brazil: Goiás (75) HQ651771
e
 (1149)     
domestica MN (CRB 965) Brazil: Goiás (75) HQ651772
e
 (1149)     
domestica MN (CRB 739) Brazil: Goiás (85) HQ651770
e
 (1149)     
domestica UFPB 2478 Brazil: Goiás (78) EF154213
k
 (711)     
domestica MZUSP 35057 Brazil: Tocantins (196) KM071425 (1149) KM071079 (1158) KM070989 (937) KM071269 (650) KM071174 (861) 
domestica MZUSP 35058 Brazil: Tocantins (196) KM071381 (794)     
domestica MZUSP 35055 Brazil: Tocantins (195) KM071429 (1149)     
domestica MZUSP 35056 Brazil: Tocantins (195) KM071430 (1149)     
domestica MN (CEG 122) Brazil: Minas Gerais (111) HQ651760
e
 (1149)     
domestica MN (CEG 125) Brazil: Minas Gerais (111) HQ651761
e
 (1149)     
domestica MN (CEG 133) Brazil: Minas Gerais (111) HQ651762
e
 (1149)     
domestica MN (CEG 126) Brazil: Minas Gerais (111) HQ651763
e
 (1149)     
domestica MN (MSL 008) Brazil: Minas Gerais (108) HQ651764
e
 (1149)     
domestica MN (LG 620) Brazil: Minas Gerais (106) HQ651765
e
 (1149)     
domestica MN (LG 593) Brazil: Minas Gerais (106) HQ651767
e
 (1149)     
domestica MN (LG 444) Brazil: Minas Gerais (109) HQ651766
e
 (1149)     
domestica MN (LG 415) Brazil: Minas Gerais (109) HQ651768
e
 (1149)     
domestica UEMA (04 URU 14) Brazil: Maranhão (88) KM071418 (1149)     
domestica UEMA (12 EST 17) Brazil: Maranhão (87) KM071413 (1149)     
domestica UEMA (06 EST 17) Brazil: Maranhão (86) KM071423 (1149)     
domestica UEMA (11 EST 57) Brazil: Maranhão (86) KM071417 (1149)     
domestica MZUSP 30552 Brazil: Piauí (167) KM071411 (1149) KM071085 (1158) KM070995 (937) KM071274 (650) KM071180 (879) 
domestica MZUSP 30553 Brazil: Piauí (167) KM071412 (1149)     
domestica MZUSP (PNSC 20) Brazil: Piauí (166) KM071374 (984)     
domestica MZUSP (PNSC 49) Brazil: Piauí (166) KM071414 (1149)     
domestica MN 65999 Brazil: Piauí (165) HQ651750
e
 (1149)     






Species Voucher Locality 
Genbank # (number of base pairs) 
Cytb IRBP BRCA1 OGT SLC38 
domestica LBCE 10154 Brazil: Piauí (162) HQ651748
e
 (1149)     
domestica MN 63323 Brazil: Piauí (162) HQ651749
e
 (1149)     
domestica MN 63269 Brazil: Piauí (163) HQ651751
e
 (1149)     
domestica LBCE 1250 Brazil: Piauí (163) HQ651752
e
 (1149)     
domestica LZUFPI201 Brazil: Piauí (161) KM071421 (1149)     
domestica LZUFPI1098 Brazil: Piauí (160) KM071422 (1149)     
domestica UFPB 4708 Brazil: Ceará (66) EU750750
k
 (640)     
domestica UFPB 4068 Brazil: Ceará (66) EU750751
k
 (640)     
domestica MZUSP 29471 Brazil: Ceará (63) KM071419 (1149) KM071082 (1151) KM070992 (936) KM071272 (650) KM071177 (883) 
domestica MZUSP 29470 Brazil: Ceará (61) KM071424 (1149)     
domestica LBCE 9660 Brazil: Ceará (65) HQ651734
e
 (1149)     
domestica LBCE 5253 Brazil: Ceará (60) HQ651735
e
 (1149)     




 (1136)    
domestica UFPB 4712 Brazil: Pernambuco (157) EU750748
k
 (640)     
domestica UFPB 4070 Brazil: Pernambuco (159) EU750749
k
 (640)     




 (1120)    
domestica MN 42837 Brazil: Alagoas (28) HQ651747
e
 (1149)     
domestica MN 63365 Brazil: Bahia (48) HQ651741
e
 (1149)     
domestica MN 63408 Brazil: Bahia (48) HQ651742
e
 (1149)     
domestica MN (CD 60) Brazil: Bahia (53) HQ651737
e
 (1149)     
domestica MN (CD 129) Brazil: Bahia (53) HQ651738
e
 (1149)     
domestica MZUSP 35061 Brazil: Bahia (57) KM071416 (1149)     
domestica MZUSP (MTR 11223) Brazil: Bahia (57) KM071379 (1145)     
domestica MZUSP (MTR 11314) Brazil: Bahia (57) KM071415 (1149) KM071081 (1158) KM070991 (946) KM071271 (650) KM071176 (809) 
domestica MZUSP (MTR 22458) Brazil: Bahia (54) KM071370 (1126)     
domestica MZUSP (MTR 22551) Brazil: Bahia (54) KM071333 (1143)     
domestica MZUSP (MTR 22558) Brazil: Bahia (54) KM071334 (1142)     
domestica MZUSP (MTR 22559) Brazil: Bahia (54) KM071364 (1134)     
domestica MZUSP (MTR 22560) Brazil: Bahia (54) KM071349 (1143)     
domestica MN (LMP 332) Brazil: Bahia (54) HQ651744
e
 (1149)     
domestica LBCE 5212 Brazil: Bahia (49) HQ651746
e
 (1149)     
domestica MN (LG 402) Brazil: Bahia (55) HQ651736
e
 (1149)     
domestica MN (LG 334) Brazil: Bahia (55) HQ651739
e
 (1149)     
domestica MN (LG 344) Brazil: Bahia (55) HQ651740
e
 (1149)     
domestica MN (LMP 336) Brazil: Bahia (52) HQ651743
e
 (1149)     
domestica MN (LMP 337) Brazil: Bahia (52) HQ651745
e
 (1149)     


























Species Voucher Locality 
Genbank # (number of base pairs) 
Cytb IRBP BRCA1 OGT SLC38 
emiliae MPEG 40660 Brazil: Pará (134) KM071603 (1149) KM071088 (1158) KM070998 (946) KM071277 (650) KM071183 (867) 
emiliae MPEG 40676 Brazil: Pará (134) KM071604 (1149)     
emiliae MPEG 40677 Brazil: Pará (134) KM071605 (1149)     
emiliae MZUSP 35063 Brazil: Amazonas (43) KM071606 (1149)     
emiliae MZUSP 35065 Brazil: Amazonas (44) KM071607 (1149) KM071089 (1158) KM070999 (946) KM071278 (650) KM071184 (866) 
emiliae MZUSP 35058 Brazil: Mato Grosso (91)  KM071086 (1158) KM070996 (946) KM071275 (650) KM071181 (863) 
emiliae MVZ 190334 Brazil: Amazonas (46) KM071602 (1149) KM071087 (1031) KM070997 (946) KM071276 (650) KM071182 (866) 
emiliae MVZ 190335 Brazil: Acre (26) KM071382 (830)     






 (946) KM071279 (650) KM071185 (865) 
emiliae AMNH 276721 Peru: Loreto (236) KM071383 (766)     
emiliae INPA 3040 Brazil: Amazonas (45) DQ385832
b
 (830)     
emiliae MPEG 28113 Brazil: Acre (26) DQ385833
b
 (830)     
emiliae USNM 579574 Bolivia: Pando (15) DQ385835
b
 (800)     
emiliae MVZ 193609 Brazil: Acre (27) KM071332
p
(800)     
gardneri USNM 582109 Peru: Junín (232) KM071566 (1149) KM071091 (1158) KM071001 (946) KM071281 (638) KM071187 (829) 
gardneri MUSM 13007 Peru: Junín (233) KM071565 (1149) KM071090 (1141) KM071000 (946) KM071280 (638) KM071186 (884) 
gardneri MUSM 11334 Peru: Pasco (238) HM998597
a
 (810)     
gardneri MUSM 18943 Peru: Huánuco (231) HM998598
a
 (810)     
glirina MPEG (TF 04) Brazil: Pará (141) KM071358 (1135)     
glirina MPEG (TF 07) Brazil: Pará (141) KM071535 (1149)     
glirina MPEG 39951 Brazil: Pará (122) KM071536 (1149) KM071093 (1130) KM071003 (894) KM071283 (650) KM071189 (879) 
glirina MPEG 38928 Brazil: Pará (140) KM071538 (1149)     
glirina MPEG 38948 Brazil: Pará (140) KM071539 (1149)     
glirina MPEG 38974 Brazil: Pará (140) KM071537 (1149) KM071095 (1158) KM071005 (858) KM071285 (650) KM071191 (802) 
glirina
q
 BMNH 24.2.4.43 Brazil: Pará (127) KM071375 (659
r
)     
glirina MPEG 40574 Brazil: Pará (131) KM071531 (1149) KM071094 (1155) KM071004 (938) KM071284 (650) KM071190 (877) 
glirina MHNCI 6218 Brazil: Pará (133) KM071532 (1149)     
glirina MPEG 39780 Brazil: Pará (152) KM071534 (1149)     
glirina MPEG 39813 Brazil: Pará (152) KM071533 (1149)     
glirina MN 59606 Brazil: Mato Grosso (95) KM071544 (1149)     
glirina MN 59607 Brazil: Mato Grosso (95) KM071546 (1149)     
glirina MN 59608 Brazil: Mato Grosso (91) KM071540 (1149)     
glirina MN 59609 Brazil: Mato Grosso (90) KM071551 (1149)     
glirina MZUSP 35075 Brazil: Mato Grosso (91) KM071542 (1149)     
glirina MZUSP 35074 Brazil: Mato Grosso (91) KM071541 (1149)     
glirina MZUSP 35073 Brazil: Mato Grosso (91) KM071547 (1149) KM071092 (1139) KM071002 (946) KM071282 (650) KM071188 (879) 
glirina MZUSP 35072 Brazil: Mato Grosso (95) KM071545 (1149)     






Species Voucher Locality 
Genbank # (number of base pairs) 
Cytb IRBP BRCA1 OGT SLC38 
glirina MZUSP 35079 Brazil: Mato Grosso (90) KM071553 (1149)     
glirina MZUSP 35080 Brazil: Mato Grosso (90) KM071554 (1149)     
glirina MN (M-968450) Brazil: Mato Grosso (90) KM071550 (1149)     
glirina MZUSP 35077 Brazil: Mato Grosso (90) KM071549 (1149)     
glirina MZUSP 35069 Brazil: Mato Grosso (95) KM071548 (1149)     
glirina MVZ 197456 Brazil: Mato Grosso (89) KM071530 (1149) KM071096 (1158) KM071006 (946) KM071286 (650) KM071192 (875) 
glirina MVZ 197990 Brazil: Mato Grosso (89) HM998559
p




Brazil: Mato Grosso (91) KM071543 (1149)     
glirina UNIR M483 Brazil: Rondônia (178) KM071348 (1141) KM071098 (1153) KM071008 (946) KM071288 (650) KM071194 (862) 
glirina UNIR M490 Brazil: Rondônia (175) KM071367 (1132)     




 (1158)    
glirina USNM (LHE 870) Bolivia: Pando (15) KM071329
p 
(693)     
glirina AMNH 262398 Bolivia: Pando (17) KM071528 (1149) KM071097 (1132) KM071007 (946) KM071287 (650) KM071193 (879) 
glirina AMNH 262397 Bolivia: Pando (16) KM071529 (1149)     
glirina MSB 57005 Bolivia: Pando (17) HM998579
a
 (810)     
handleyi AMNH 276698 Peru: Loreto (236) KM071400 (763) KM071099 (1158) KM071009 (946) KM071289 (650)  
handleyi AMNH 276709 Peru: Loreto (236) KM071399 (773) KM071101 (1158) KM071011 (946) KM071291 (650)  
handleyi MUSM 15991 Peru: Loreto (236) DQ386629
b
 (690)     
handleyi MUSM 23810 Peru: Loreto (236) DQ386630
b
 (801)     
handleyi AMNH 276704 Peru: Loreto (236) DQ386631
b
 (1149) KM071100 (1158) KM071010 (946) KM071290 (649) KM071195 (862) 
handleyi MUSM 23809 Peru: Loreto (236) DQ386632
b
 (1149)     
iheringi MBML 2346 Brazil: Espírito Santo (71) GU112934
d
 (801)     
iheringi UFES (LPC 1124) Brazil: Espírito Santo (67) GU112935
d
 (801)     
iheringi MCN-M 2026 Brazil: Rio de Janeiro (169) KM071389 (1135) KM071103 (1158) KM071013 (946) KM071293 (637) KM071197 (804) 
iheringi MZUSP (M-209) Brazil: São Paulo (184) KM071561 (1149) KM071102 (787) KM071012 (837) KM071292 (637) KM071196 (859) 
kunsi AMNH 263968 Bolivia: Tarija (25) KM071558 (1149) KM071106 (1140) KM071016 (932) KM071296 (653) KM071200 (872) 
kunsi USNM (LHE 1692) Bolivia: Santa Cruz (20) KM071346 (1143)     
kunsi TTU 116526 Paraguay: Canindeyú (218) HM998586
a
 (801)     
kunsi LIEY (JPJ 1394) Argentina: Salta (4) HM998582
a
 (819)     
kunsi LIEY (JPJ 1508) Argentina: Salta (4) HM998583
a
 (801)     
kunsi LIEY (JPJ 1544) Argentina: Salta (4) HM998584
a
 (900)     
kunsi MPEG (FT 08) Brazil: Mato Grosso (96) KM071344 (1138)     
kunsi MPEG (FT 138) Brazil: Mato Grosso (96) KM071336 (1128) KM071105 (1158) KM071015 (946) KM071295 (653) KM071199 (870) 
kunsi MZUSP 35059 Brazil: Tocantins (196) KM071559 (1149) KM071104 (1158) KM071014 (946) KM071294 (653) KM071198 (868) 




 (1153)    
kunsi MN 37254 Brazil: Goiás (84) EF154226
k
 (742)     
kunsi MN 37313 Brazil: Goiás (84) EF154225
k






Species Voucher Locality 
Genbank # (number of base pairs) 
Cytb IRBP BRCA1 OGT SLC38 
kunsi MN 37363 Brazil: Goiás (84) EF154224
k
 (780)     




 (1111)    
kunsi MN 36404 Brazil: Goiás (76) EF154227
k
 (730)     
kunsi MN 36450 Brazil: Goiás (76) EF154229
k
 (732)     
kunsi UFMG 1965 Brazil: Minas Gerais (99) KM071331
p
(691)     
kunsi MCN-M 2304 Brazil: Minas Gerais (117) KM071560 (1149)     
kunsi MCN-M 1421 Brazil: Minas Gerais (113) KM071341 (647)     
kunsi MCN-M 2273 Brazil: Minas Gerais (114) KM071384 (784)     
kunsi MZUSP (MTR 20361) Brazil: Minas Gerais (116) KM071340 (1085)     
kunsi MCN-M 1465 Brazil: Minas Gerais (115) KM071352 (1138)     
osgoodi AMNH 264922 Bolivia: Cochabamba (9) KM071401 (795) KM071107 (1057) KM071017 (946) KM071297 (649) KM071201 (865) 
osgoodi CBF 7552 Bolivia: Cochabamba (10) HM998588
a
 (801)     
osgoodi CBF (EY 1915) Bolivia: Cochabamba (11) DQ386625
b
 (660)     
osgoodi CBF (TTS 708) Bolivia: Cochabamba (11) DQ386626
b
 (651)     
osgoodi CBF (TTS 713) Bolivia: Cochabamba (11) DQ386627
b
 (660)     
osgoodi CBF 7640 Bolivia: La Paz (13) HM998587
a
 (807)     
palliolata AMNH 276508 Venezuela: Falcón (249) KM071472 (1149) KM071108 (1158) KM071018 (946) KM071298 (651) KM071202 (879) 
palliolata USNM 448518 Venezuela: Zulia (251) KM071473 (1149) KM071109 (1139) KM071019 (946) KM071299 (651) KM071203 (878) 
palliolata
s
 KU 123941 Venezuela: Guárico (250) KM071376 (800)     




 (946) KM071303 (649) KM071207 (854) 
peruviana AMNH 272781 Peru: Loreto (237) DQ385836
b
 (772)     
peruviana MUSM 13006 Peru: Junín (232) DQ385837
b
 (574)     
peruviana USNM 582110 Peru: Junín (232) KM071409 (795) KM071111 (1158) KM071021 (946) KM071301 (653) KM071205 (859) 
peruviana USNM 588019 Peru: Cusco (224) KJ129901
c
 (795)     
peruviana FMNH 169811 Peru: Cusco (230) KM071408 (794)     
peruviana FMNH 169812 Peru: Cusco (230) DQ386616
b
 (420)     
peruviana FMNH 172032 Peru: Cusco (229) KM071407 (795) KM071112 (1132) KM071023 (946) KM071304 (653) KM071208 (854) 
peruviana MUSM 13416 Peru: Cusco (227) DQ385839
b
 (741)     
peruviana USNM 582782 Peru: Cusco (228) DQ385840
b
 (639)     
peruviana MVZ 171412 Peru: Cusco (226) 
t
U34676 (1149) KM071110 (1158) KM071020 (946) KM071300 (653) KM071204 (851) 
peruviana MVZ 173928 Peru: Cusco (225) 
t
U34677 (1149)     
peruviana MUSM 21427 Peru: Ayacucho (223) HM998590
a
 (822)     
peruviana AMNH 264562 Bolivia: La Paz (14) KM071405 (795)  KM071022 (946) KM071302 (649) KM071206 (772) 
peruviana MSB 68336 Bolivia: La Paz (12) DQ386612
b
 (600)     
peruviana CBF (TTS 717) Bolivia: Cochabamba (11) DQ386615
b
 (630)     
peruviana CBF 7611 Bolivia: Cochabamba (11) HM998589
a
 (810)     
reigi ROM 114699 Guyana: Potaro-Siparuni (212) FJ810210
u
 (1149) KM071113 (1132) KM071024 (946) KM071305 (650) KM071209 (797) 
reigi ROM 114864 Guyana: Potaro-Siparuni (211) FJ810211
u






Species Voucher Locality 
Genbank # (number of base pairs) 
Cytb IRBP BRCA1 OGT SLC38 
sanctaerosae AMNH 263548 Bolivia: Santa Cruz (21) KM071526 (1149) KM071114 (1158) KM071025 (857) KM071306 (645) KM071210 (876) 
scalops MZUSP 30757 Brazil: São Paulo (194) KM071593 (1149)     
scalops MZUSP 30629 Brazil: São Paulo (194) KM071592 (1149)     
scalops MZUSP 33088 Brazil: São Paulo (192) KM071591 (1149) KM071118 (1139) KM071029 (946) KM071310 (644) KM071214 (851) 
scalops MZUSP 30652 Brazil: São Paulo (194) KM071594 (1149)     
scalops MZUSP 30702 Brazil: São Paulo (194) KM071595 (1149) KM071116 (1031) KM071027 (946) KM071308 (644) KM071212 (874) 
scalops MZUSP 31095 Brazil: São Paulo (192) KM071589 (1149)     
scalops MZUSP 31098 Brazil: São Paulo (192) KM071588 (1149)     
scalops MZUSP (MTR 10794) Brazil: Minas Gerais (112) KM071587 (1149) KM071119 (1158) KM071030 (912) KM071311 (644) KM071216 (638) 
scalops UFMG 2251 Brazil: Minas Gerais (118) HM998560
a
 (800)     
scalops MZUSP 31624 Brazil: Paraná (153) KM071600 (1149)     
scalops MZUSP 31634 Brazil: Paraná (153) KM071599 (1149) KM071115 (1158) KM071026 (946) KM071307 (644) KM071211 (599
v
) 
scalops MZUSP (II-M104) Brazil: Paraná (153) KM071369 (1127)     
scalops CNP 3014 Argentina: Misiones (3) KM071371 (1122)     
scalops CNP (LTU 845) Argentina: Misiones (3) KM071345 (1147) KM071117 (1158) KM071028 (946) KM071309 (645) KM071213 (801) 
scalops MZUSP 29201 Brazil: São Paulo (186) KM071601 (1149)     
scalops FMNH (BDP 3282) Brazil: São Paulo (189) KM071590 (1149)     
scalops
w
 MVZ 182775 Brazil: São Paulo (191) KM071597 (1149)     
scalops
w




 (946) KM071320 (644) KM071215 (875) 
scalops
x
 MZUSP 29200 Brazil: São Paulo (191) HM998594
a
 (804)     
scalops
x
 FMNH 141587 Brazil: São Paulo (190) KM071598 (1149)     
touan ISEM V-1084 French Guiana (202) KM071518 (1149)     
touan ISEM V-1563 French Guiana (200) KM071519 (1149) KM071134 (1158) KM071046 (946) KM071328 (650) KM071231 (799) 
touan ISEM V-1574 French Guiana (200) KM071520 (1149)     
touan ISEM V-2726 French Guiana (201) KM071521 (1149)     
touan ISEM V-1125 French Guiana (205) KM071524 (1149)     
touan ISEM V-1863 French Guiana (204) KM071515 (1149)     
touan ISEM V-1753 French Guiana (198) KM071514 (1149)     
touan ISEM V-2458 French Guiana (199) KM071522 (1149)     
touan ISEM V-937 French Guiana (203) AJ606455
g
 (800)     
touan CM (TK 21015) Suriname: Marowijne (239) HM998566
a
 (810)     
touan IEPA 165 Brazil: Amapá (29) KM071526 (1149)     
touan IEPA 173 Brazil: Amapá (29) KM071523 (1149)     
touan IEPA 2384 Brazil: Amapá (30) KM071504 (1149)     
touan IEPA 2396 Brazil: Amapá (30) KM071508 (1149)     
touan IEPA 307 Brazil: Amapá (40) KM071509 (1149)     
touan IEPA 1155 Brazil: Amapá (39) KM071525 (1149)     






Species Voucher Locality 
Genbank # (number of base pairs) 
Cytb IRBP BRCA1 OGT SLC38 
touan IEPA 913 Brazil: Amapá (34) KM071517 (1149) KM071128 (1099) KM071040 (923) KM071322 (650) KM071225 (880) 
touan IEPA 1166 Brazil: Amapá (32) KM071510 (1149)     
touan IEPA 1375 Brazil: Amapá (33) KM071513 (1149) KM071127 (1158) KM071039 (946) KM071321 (650) KM071224 (878) 
touan MPEG (AN 337) Brazil: Amapá (38) EF154216
k
 (728)     
touan MPEG (AN 322) Brazil: Amapá (38) EF154217
k
 (739)     
touan IEPA 2405 Brazil: Amapá (31) KM071512 (1149) KM071129 (1069) KM071041 (946) KM071323 (650) KM071226 (878) 
touan IEPA 3257 Brazil: Amapá (37) KM071502 (1149)     
touan IEPA 2826 Brazil: Amapá (37) KM071505 (1149)     
touan IEPA 2499 Brazil: Amapá (35) KM071503 (1149)     
touan IEPA 2553 Brazil: Amapá (35) KM071506 (1149)     
touan IEPA 3381 Brazil: Amapá (36) KM071507 (1149)     
touan IEPA 2402 Brazil: Pará (150) KM071511 (1149)     
touan MPEG 41558 Brazil: Pará (137) KM071483 (1149)     
touan MPEG 41559 Brazil: Pará (137) KM071484 (1149)     
touan MPEG 41560 Brazil: Pará (138) KM071485 (1149)     
touan MPEG 41561 Brazil: Pará (138) KM071486 (1149)     
touan MPEG 41549 Brazil: Pará (138) KM071477 (1149)     
touan MPEG 41550 Brazil: Pará (136) KM071474 (1149)     
touan MPEG 41554 Brazil: Pará (137) KM071476 (1149)     
touan MPEG 41555 Brazil: Pará (139) KM071480 (1149)     
touan MPEG 41551 Brazil: Pará (137) KM071478 (1149)     
touan MPEG 41552 Brazil: Pará (137) KM071479 (1149)     
touan MPEG 41553 Brazil: Pará (137) KM071475 (1149) KM071133 (1158) KM071045 (893) KM071327 (650) KM071230 (807) 
touan MPEG 41556 Brazil: Pará (139) KM071481 (1149)     
touan MPEG 41557 Brazil: Pará (139) KM071482 (1149)     
touan INPA 2834 Brazil: Pará (135) HM998561
a
 (830)     
touan MPEG 39762 Brazil: Pará (121) KM071490 (1149)     
touan MPEG 39779 Brazil: Pará (121) KM071489 (1149)     
touan MPEG 41512 Brazil: Pará (149) KM071497 (1149)     
touan MPEG 41519 Brazil: Pará (149) KM071360 (1135)     
touan MPEG 41522 Brazil: Pará (149) KM071496 (1149)     
touan MPEG 41547 Brazil: Pará (149) KM071498 (1149) KM071131 (1131) KM071043 (880) KM071325 (650) KM071228 (816) 
touan MPEG 41548 Brazil: Pará (149) KM071499 (1149)     
touan MPEG 41528 Brazil: Pará (149) KM071491 (1149)     
touan MPEG 41532 Brazil: Pará (149) KM071495 (1149)     
touan MPEG 41534 Brazil: Pará (149) KM071493 (1149)     
touan MPEG 41537 Brazil: Pará (149) KM071492 (1149)     






Species Voucher Locality 
Genbank # (number of base pairs) 
Cytb IRBP BRCA1 OGT SLC38 
touan MPEG 41539 Brazil: Pará (149) KM071494 (1149)     
touan MPEG 41543 Brazil: Pará (149) KM071366 (1134)     
touan MPEG 40442 Brazil: Pará (129) KM071500 (1149) KM071130 (1008) KM071042 (923) KM071324 (650) KM071227 (879) 
touan MPEG 40445 Brazil: Pará (128) KM071501 (1149)     
touan USNM 549279 Brazil: Pará (119) KM071487 (1149)     
touan USNM 549280 Brazil: Pará (119) KM071488 (1149) KM071132 (1151) KM071044 (937) KM071326 (650) KM071229 (883) 
touan MCN-M 1397 Brazil: Pará (148) KM071372 (1120)     
species 1 MZUSP 30740 Brazil: São Paulo (194) KM071555 (1149) KM071120 (1148) KM071031 (946) KM071312 (648) KM071217 (855) 
species 1 MZUSP (MTR 10770) Brazil: Minas Gerais (112) KM071556 (1149) KM071121 (1158) KM071032 (885) KM071313 (648) KM071218 (858) 
species 1 MZUSP (MTR 11578) Brazil: Espírito Santo (69) KM071557 (1149) KM071122 (1141) KM071033 (884) KM071314 (648) KM071219 (833) 
species 2 MPEG 40575 Brazil: Pará (132) KM071402 (795) KM071124 (1158) KM071035 (933) KM071316 (650) KM071221 (862) 
species 2 MPEG 38947 Brazil: Pará (140) KM071404 (517)  KM071036 (946) KM071317 (650)  
species 2 MPEG 42956 Brazil: Pará (130) KM071403 (517) KM071123 (1138) KM071034 (946) KM071315 (650) KM071220 (859) 
species 2 UNIR M451 Brazil: Rondônia (176)  KM071125 (1158) KM071037 (946) KM071318 (650) KM071222 (859) 




 (1126)    
species 4 MPEG (EC 07) Brazil: Amazonas (47) KM071463 (1149) KM071126 (710) KM071038 (946) KM071319 (650) KM071223 (878) 
species 4 INPA 2854 Brazil: Amazonas (42) KM071330
p
(693)     
a 
Sequenced by Solari (2010). 
b 
Sequenced by Solari (2007). 
c 
Topotype of M. rubida. 
d 
Sequenced by Agrizzi et al. (2012). 
e 
Sequenced by Caramaschi et al. (2011). 
f 
Identified as M. umbristriata by Lemos et al. (2000). 
g 
Sequenced by Steiner and Catzeflis (2004). 
h 
Sequenced by Voss and Jansa (2003). 
I 
Sequenced by Gutierrez et al. (2010). 
j 
Sequenced by Voss and Jansa (2009). 
k 
Sequenced by Carvalho et al. (2011). 
l 
Identified as M. sorex by Solari (2010). 
m 
Sequenced by Nilsson et al. (2003). 
n 
Sequenced by Mikkelsen et al. (2007). 
o 
Sequenced by Jansa and Voss (2000). 
p 
Sequenced by Patton and Costa (2003). 
q 







This sequence is noncontiguous. 
s 
“Monodelphis species A”  of Pine and Handley (2008). 
t 
Sequenced by Patton et al. (1996). 
u 
Sequenced by Lim et al. (2010). 
v 
Only one strand sequenced. 
w 
Identified as M. theresa by Voss and Jansa (2003). 
x 
Identified as M. theresa by Solari (2010).
  
y 
Sequenced by Giarla and Jansa (2014)
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SUPPORTING INFORMATION, GAZETTEER 
Below we list all of the localities from which specimens of Monodelphis were sequenced for this 
report, or from which specimens of Monodelphis were sequenced by previous researchers (e.g., 
Solari, etc) who deposited data in GenBank that are analyzed in this report. Italicized place 
names are those of the largest political units (states, departments, or provinces) within each 
country. Geographic coordinates (in decimal degrees) are given in parentheses. 
ARGENTINA 
1. Buenos Aires, Campamento base, Sierra de la Ventana (38.07° S, 62.02° W). 
2. Misiones, Balneario Arroyo Cuña Pirú (26.95° S, 55.12° W). 
3. Misiones, Refugio Moconá (27.14° S, 53.89° W). 
4. Salta, Departamento Gral. José de San Martín, Finca Falcón (22.31° S, 63.97° W).  
5. Santa Fe, Chovet (33.6° S, 61.60° W). 
6. Santa Fe, Uranga (33.27° S, 60.72° W). 
BOLIVIA 
7. Chuquisaca, Porvenir (20.75° S, 63.21° W). 
8. Chuquisaca, Porvenir (20.85° S, 63.17° W). 
9. Cochabamba, 4.4 km N Tablas Monte (17.07° S, 66.01° W). 
10. Cochabamba, Cordillera Mosetenes (16.23° S, 66.42° W). 
11. Cochabamba, Serranía Mosetenes (16.23° S, 66.42° W). 
12. La Paz, La Reserva (15.73° S, 67.52° W). 
13. La Paz, Nor Yungas, Bajo Hornuni (16.17° S, 67.50° W). 
14. La Paz, Serranía Bella Vista (15.68° S, 67.50° W). 
15. Pando, Abuna (10.77° S, 66.73° W). 
16. Pando, Independencia (11.43° S, 67.57° W). 
17. Pando, Santa Rosa (12.22° S, 68.40° W). 
18. Santa Cruz, 3 km E and 1 km S Brecha Tres (18.03° S, 63.17° W). 
19. Santa Cruz, 53 km E Boyuibe (20.45° S, 62.83° W). 
20. Santa Cruz, El Refugio (14.75° S, 61.03° W). 
21. Santa Cruz, Santa Rosa de la Roca (15.83° S, 61.45° W). 
22. Santa Cruz, Tita (18.42° S, 62.17° W). 
23. Tarija, 1 km S of Camatindi (21.08° S, 63.38° W). 
24. Tarija, Estancia Bolívar (21.63° S, 62.57° W). 
25. Tarija, Tapecua (21.44° S, 63.92° W). 
BRAZIL 
26. Acre, Igarapé Porongaba, left margin Rio Juruá (8.67° S, 72.78° W). 
27. Acre, Sobral, right margin Rio Juruá (8.37° S, 72.82° W). 
28. Alagoas, UHE Xingó (9.40° S, 37.97° W). 
29. Amapá, Ferreira Gomes (1.30° N, 51.59° W). 
30. Amapá, Ferreira Gomes (0.87° N, 51.19° W). 
31. Amapá, Itapeuara (0.49° S, 52.69° W). 
32. Amapá, Laranjal do Jari (0.05° S, 51.6° W). 
33. Amapá, Laranjal do Jari (0.59° S, 52.24° W). 
34. Amapá, Pedra Branca do Amapari (1.84° N, 52.74° W). 
35. Amapá, Porto Grande (0.49° N, 51.25° W). 
36. Amapá, Porto Grande (0.79° N, 51.36° W). 
 
 71 
37. Amapá, Santana (0.16° N, 51.55° W). 
38. Amapá, Tartarugalzinho (1.28° N, 50.8° W). 
39. Amapá, Vitória do Jari (0.63° N, 51.80° W). 
40. Amapá, Vitória do Jari (0.28° N, 53.11° W). 
41. Amazonas, Barreira, right margin Rio Jufari (1.05° S, 62.15° W). 
42. Amazonas, Manaus, Conjunto Parque do Rouxinol (3.10° S, 60.02° W). 
43. Amazonas, Maruim, Rio Abacaxis (4.34° S, 58.64° W). 
44. Amazonas, Maruim, Rio Abacaxis (4.60° S, 58.22° W). 
45. Amazonas, Penedo, right margin Rio Juruá (6.83° S, 70.75° W). 
46. Amazonas, Seringal Condor, left margin Rio Juruá (6.75° S, 70.85° W). 
47. Amazonas, Urucará, Comunidade Marajatuba, left margin Rio Negro (2.38° S, 57.64° W). 
48. Bahia, Caetité (14.07° S, 42.48° W). 
49. Bahia, Curaça (8.98° S, 39.9° W). 
50. Bahia, Ilhéus (14.82° S, 39.03° W). 
51. Bahia, Jussari (15.15° S, 39.52° W). 
52. Bahia, Lajes (11.50° S, 41.33° W). 
53. Bahia, Lençóis (12.33° S, 41.23° W). 
54. Bahia, Morro do Chapéu (11.55° S, 41.15° W). 
55. Bahia, Mucugê (13.00° S, 41.22° W). 
56. Bahia, Salvador (12.81° S, 38.48° W). 
57. Bahia, Santo Inácio (11.10° S, 42.73° W). 
58. Bahia, Trancoso (16.53° S, 39.12° W). 
59. Bahia, Una (15.23° S, 39.38° W). 
60. Ceará, Jaguaruana (4.83° S, 37.78W). 
61. Ceará, Pacoti, Serra de Batutité (4.24° S, 38.90° W).  
62. Ceará, Pacoti, Serra de Batutité, Área do IBAMA às margens do Rio Pacoti, Viveiro de 
mudas (4.23° S, 38.92° W).  
63. Ceará, Pacoti, Serra de Batutité, Sítio do Zé Carneiro (4.24° S, 38.92° W). 
64. Ceará, Pacoti, Serra de Batutité, Sítio Friburgo, grota do cafezal, ca. de 1 Km da sede 
(4.22° S, 38.90° W). 
65. Ceará, Redenção (4.22° S, 38.72° W). 
66. Ceará, Serra de Ibiapaba (4.27° S, 40.75° W). 
67. Espírito Santo, Cariacica, Alto Alegre, Reserva Biológica Duas Bocas (20.28° S, 40.51° 
W). 
68. Espírito Santo, Linhares (19.15° S, 40.01° W). 
69. Espírito Santo, Parque Nacional do Caparaó (20.46° S, 41.73° W). 
70. Espírito Santo, Santa Teresa, Nova Lombardia, Entorno da Reserva Biológica A. Ruschi 
(19.94° S, 40.60° W). 
71. Espírito Santo, Santa Teresa, São Lourenço (19.94° S, 40.60° W). 
72. Goiás, 20 km NW Colinas do Sul (14.15° S, 48.07° W). 
73. Goiás, 55 km N Niquelandia (14.47° S, 48.45° W). 
74. Goiás, Alto Paraíso (14.02° S, 47.52° W). 
75. Goiás, Cavalcante (13.80° S, 47.50° W). 
76. Goiás, Colinas do Sul (14.15° S, 48.07° W). 
77. Goiás, Emas (18.05° S, 52.55° W). 
78. Goiás, Fazenda Regalito (14.48° S, 47.15° W). 
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79. Goiás, Ipameri (17.7° S, 48.48° W). 
80. Goiás, Luziania (16.25° S, 47.93° W). 
81. Goiás, Mimoso de Goiás (15.17° S, 48.08° W). 
82. Goiás, Minaçu (13.52° S, 48.22° W). 
83. Goiás, Mineiros (18.26° S, 52.89° W). 
84. Goiás, Niquelandia (14.47° S, 48.45° W). 
85. Goiás, Teresina de Goiás (13.46° S, 47.16° W). 
86. Maranhão, Barão de Grajaú (6.67° S, 42.92° W). 
87. Maranhão, Barão de Grajaú (6.73° S, 42.99° W). 
88. Maranhão, Loreto (7.03° S, 45.09° W). 
89. Mato Grosso, Alta Floresta (9.60° S, 55.93° W). 
90. Mato Grosso, Apiacás (9.57° S, 57.39° W). 
91. Mato Grosso, Aripuanã (10.18° S, 59.45° W). 
92. Mato Grosso, Barão de Melgaço (16.22° S, 55.97° W). 
93. Mato Grosso, Chapada dos Guimarães (14.87° S, 55.80° W). 
94. Mato Grosso, Corumbá (19.02° S, 57.65° W). 
95. Mato Grosso, Juruena (10.32° S, 58.49° W). 
96. Mato Grosso, Querência (12.57° S, 52.21° W). 
97. Mato Grosso do Sul, Aquidauana (20.07° S, 55.65° W). 
98. Mato Grosso do Sul, Aquidauana (20.47° S, 55.80° W). 
99. Minas Gerais, 10 km NW Nova Ponte (19.15° S, 47.68° W). 
100. Minas Gerais, Betim (19.87° S, 44.19° W). 
101. Minas Gerais, Brumadinho (20.10° S, 44.09° W). 
102. Minas Gerais, Brumadinho (20.11° S, 44.13° W). 
103. Minas Gerais, Caeté (20.01° S, 43.72° W). 
104. Minas Gerais, Catas Altas (20.16° S, 43.47° W). 
105. Minas Gerais, Conceição do Mato Dentro (18.88° S, 43.40° W). 
106. Minas Gerais, Felício dos Santos (18.08° S, 43.18° W). 
107. Minas Gerais, Itabira (19.68° S, 43.25° W). 
108. Minas Gerais, Itabirito (20.25° S, 43.80° W). 
109. Minas Gerais, Itinga (16.60° S, 41.78° W). 
110. Minas Gerais, Mariana (20.21° S, 43.44° W). 
111. Minas Gerais, Nova Lima (19.98° S, 43.85° W). 
112. Minas Gerais, Parque Nacional do Caparaó (20.41° S, 41.84° W). 
113. Minas Gerais, Pompéu (18.90° S, 44.78° W). 
114. Minas Gerais, Rio Manso (20.29° S, 44.39° W). 
115. Minas Gerais, Santana do Riacho (19.37° S, 43.61° W). 
116. Minas Gerais, Serra do Cipó (19.37° S, 43.62° W). 
117. Minas Gerais, Serra do Salitre (19.03° S, 46.79° W). 
118. Minas Gerais, Simonésia (20.07° S, 42.07° W). 
119. Pará, 52 km SSW Altamira (3.65° S, 52.37° W). 
120. Pará, Alenquer, Grão Pará Sul (0.15° S, 55.18° W). 
121. Pará, Anapú, leste do Rio Xingu (3.45° S, 51.68° W). 
122. Pará, Canaã dos Carajás, Serra do Cristalino (6.41° S, 49.79° W). 
123. Pará, Curuá (1.56° S, 55.21° W). 
124. Pará, Dom Eliseu (4.21° S, 47.55° W). 
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125. Pará, Faro (2.18° S, 56.78° W). 
126. Pará, Faro, Flota de Faro, left margin Rio Nhamundá (2.13° S, 56.73° W). 
127. Pará, Ilha de Marajó, Caldeirão (0.62° S, 51.05° W). 
128. Pará, Ilha de Marajó, Chaves, Fazenda Tauari, baixo rio Cururu (0.42° S, 49.97° W). 
129. Pará, Ilha de Marajó, Chaves, Fazenda Tauari, baixo rio Cururu (0.43° S, 49.99° W). 
130. Pará, Itaituba (6.31° S, 55.78° W) 
131. Pará, Itaituba, Floresta Nacional do Crepori, Creporizão (6.56° S, 57.00° W). 
132. Pará, Itaituba, Floresta Nacional do Crepori, Rio das Tropas (6.52° S, 51.43° W). 
133. Pará, Itaituba, Floresta Nacional do Crepori, Rio do Coxo (7.24° S, 57.11° W). 
134. Pará, Juruti (2.15° S, 56.09° W). 
135. Pará, Marabá, Floresta Nacional de Tapirapé Aquiri (5.80° S, 50.52° W). 
136. Pará, Marabá, Floresta Nacional de Tapirapé Aquiri, Barragem de Finos (5.82° S, 50.49° 
W). 
137. Pará, Marabá, Floresta Nacional de Tapirapé Aquiri, Barragem de Rejeitos (5.77° S, 
50.51° W). 
138. Pará, Marabá, Floresta Nacional de Tapirapé Aquiri, Igarapé Cotia (5.85° S, 50.54° W). 
139. Pará, Marabá, Floresta Nacional de Tapirapé Aquiri, Igarapé Mano (5.77° S, 50.56° W). 
140. Pará, Marabá, Serra dos Carajás (6.00° S, 50.21° W). 
141. Pará, Miritituba (4.28° S, 55.98° W). 
142. Pará, Oriximiná, Cachoeira Porteira, km 23 (1.03° S, 57.15° W). 
143. Pará, Oriximiná, Porto Trombetas, Igarapé Greig (1.84° S, 56.53° W). 
144. Pará, Oriximiná, Porto Trombetas, Platô Bela Cruz (1.80° S, 56.51° W). 
145. Pará, Oriximiná, Porto Trombetas, Paltô Cipó (1.73° S, 56.62° W). 
146. Pará, Oriximiná, Porto Trombetas, Platô Greig (1.83° S, 56.42° W). 
147. Pará, Oriximiná, Porto Trombetas, Platô Teófilo (1.77° S, 56.57° W). 
148. Pará, Parauapebas (6.04° S, 50.57° W). 
149. Pará, Portel, Floresta Nacional de Caxiuanã, Igarapé Caquajó (1.96° S, 51.62° W). 
150. Pará, Porto Grande, Cachoeira Santo Antônio (0.62° S, 52.52° W). 
151. Pará, Prainha (1.58° S, 53.66° W). 
152. Pará, Vitória do Xingu, Bom Jardim, Oeste do Rio Xingu (30.40° S, 51.75° W). 
153. Paraná, Ortigueira (24.20° S, 50.92° W). 
154. Paraná, Wenceslau Brás (23.85° S, 49.80° W). 
155. Pernambuco, Camaragibe (7.96° S, 34.99° W). 
156. Pernambuco, Jaqueira (8.72° S, 35.84° W). 
157. Pernambuco, Parque Municipal Vasconcelos Sobrinho (8.37° S, 36.03° W). 
158. Pernambuco, Paudalho (7.84° S, 35.10° W). 
159. Pernambuco, Vertentes, Bezerros (8.23° S, 35.78° W). 
160. Piauí, Brasileira (4.11° S, 41.68W). 
161. Piauí, Castelo do Piauí (5.23° S, 41.7° W). 
162. Piauí, Coronel José Dias (8.82° S, 42.51° W). 
163. Piauí, João Costa (8.51° S, 42.42° W). 
164. Piauí, José de Freitas (4.80° S, 42.63° W). 
165. Piauí, São Raimundo Nonato (9.02° S, 42.7° W). 
166. Piauí, Serra das Confusões (8.68° S, 43.49° W). 
167. Piauí, Uruçuí-Una (8.83° S, 44.17° W). 
168. Rio de Janeiro, Campos dos Goytacazes (21.72° S, 41.26° W). 
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169. Rio de Janeiro, Pacamiri (22.64° S, 43.78° W). 
170. Rio de Janeiro, Sumidouro (22.05° S, 42.67° W). 
171. Rio Grande do Sul, Aratiba (27.4° S, 52.32° W). 
172. Rio Grande do Sul, Charqueadas (29.27° S, 50.3° W). 
173. Rio Grande do Sul, Riozinho (29.63° S, 50.45° W). 
174. Rio Grande do Sul, Terra de Areia (29.57° S, 50.07° W). 
175. Rondônia, Madeflona (9.11° S, 63.01° W). 
176. Rondônia, Madeflona (9.14° S, 63.00° W). 
177. Rondônia, Pacaás (8.77° S, 10.82° W). 
178. Rondônia, Potosi (9.28° S, 62.9° W). 
179. Roraima, Barreira, left margin Rio Jufari (1.01° S, 62.12° W). 
180. Roraima, Serra da Maroquinha (2.62° S, 62.42° W). 
181. Roraima, Sumuru (4.18° S, 60.78° W). 
182. Santa Catarina, Jaborá (27.10° S, 51.44 °W). 
183. Santa Catarina/Rio Grande do Sul, Barragem de Ita (27.28° S, 52.38° W). 
184. São Paulo, Bertioga (23.85° S, 46.15° W). 
185. São Paulo, Biritiba Mirim (23.58° S, 40.03° W). 
186. São Paulo, Capao Bonito, Fazenda Intervales, Base do Carmo (24.33° S, 48.42° W). 
187. São Paulo, Cotia, Caucaia do Alto (23.68° S, 47.03° W). 
188. São Paulo, Cotia, Caucaia do Alto, Sítio Até que Enfim (23.53° S, 46.62° W). 
189. São Paulo, Estação Biologica Boraceia (22.65° S, 45.90° W). 
190. São Paulo, Ilha do Cardoso (25.15° S, 48.01° W). 
191. São Paulo, Parque Estadual Ilhabela, Ilha de São Sebastião (23.82° S, 45.35° W). 
192. São Paulo, Piedade (23.85° S, 47.47° W). 
193. São Paulo, Santo André (23.67° S, 46.52° W). 
194. São Paulo, São Bernardo do Campo, Riacho Grande (23.8° S, 46.58° W). 
195. Tocantins, Paranã (12.62° S, 47.88° W). 
196. Tocantins, Peixe (12.03° S, 48.54° W). 
ECUADOR 
197. Pastaza, 5 km E Puyo, Safari Hostería Park (1.44° S, 78.0° W). 
FRENCH GUIANA (FRANCE) 
198. Awala-Yalimapo (5.73° N, 53.91° W). 
199. Cacao, Va-Joua (4.58° N, 52.47° W). 
200. Cayenne, Camp Tigre (4.91° N, 52.29° W). 
201. Cayenne, Hameau des Encens, Suzini (4.91° N, 52.31° W). 
202. Cayenne, Montagne du Tigre (4.91° N, 52.29° W). 
203. Macouria, Savane (4.92° N, 52.37° W). 
204. Mana, Angoulème (5.41° N, 53.66° W). 
205. Saul (3.62° N, 53.22° W). 
GUYANA 
206. Barima-Waini, Baramita, NW of airstrip (7.37° N, 60.49° W). 
207. Barima-Waini, Waikerebi (7.52° N, 59.38° W). 
208. Potaro-Siparuni, Iwokrama Reserve, 35 Km SW of Kurupukari, 38 Mile Camp (4.37° N, 
58.85° W). 




210. Potaro-Siparuni, Mount Wokomung, Base of First Escarpment Camp (5.13° N, 59.82° 
W). 
211. Potaro-Siparuni, Mount Ayanganna (5.38° N, 59.98° W). 
212. Potaro-Siparuni, Mount Ayanganna, First Plateau Camp (5.33° N, 59.98° W).  
213. Upper Demerara-Berbice, Tropenbos (5.15° N, 58.7° W). 
214. Upper Takutu-Upper Essequibo, Upper Essequibo Conservation Concession (3.51° N, 
58.23° W). 
PARAGUAY 
215. Alto Paraguay, Fortín Pikyrenda (20.09° S, 61.79° W). 
216. Amambay, Estancia Ocaris, 3 km S by road from Bella Vista (20.15° S, 56.54° W). 
217. Boquerón, Parque Nacional Teniente Agripino Enciso (21.16° S, 61.52° W). 
218. Canendeyú, Reserva de Biosfera del Bosque Mbaracayú, Puesto Aguara Ñu (24.21° S, 
55.27° W). 
219. Canendeyú, Reserva Mbaracayú, Nandurokai (24.09° S, 55.59° W). 
220. Concepción, 7 km NE Concepción, Escuela Agropecuaria (23.36° S, 57.39° W). 
221. Itapúa, 3.2 km N, 0.4 km E Ape Aimé (26.54° S, 55.85° W). 
222. Itapúa, Estancia Parabel (26.36° S, 55.52° W). 
PERU 
223. Ayacucho, Yanamonte  (12.79° S, 73.99° W). 
224. Cusco, 2 km SW Tangoshiari (11.77° S, 73.43° W). 
225. Cusco, 3 km E Amaybamba (13.06° S, 72.43° W). 
226. Cusco, 72 km NE Paucartambo (13.07° S, 71.53° W). 
227. Cusco, Cordillera Vilcabamba (11.78° S, 73.34° W). 
228. Cusco, La Convención, Camisea, Cashiriari (11.88° S, 72.65° W). 
229. Cusco, Paucartambo, Pillahuata (13.13° S, 71.41° W). 
230. Cusco, Paucartambo, Suecia (13.23° S, 71.63° W). 
231. Huánuco, Cordillera Carpish (9.7° S, 76.15° W). 
232. Junín, Cordillera Vilcabamba (11.55° S, 73.63° W). 
233. Junín, Cordillera Vilcabamba, camp 2 (11.56° S, 73.64° W). 
234. Loreto, 1.5 km N Teniente Lopez (2.52° S, 76.17° W). 
235. Loreto, Maynas, Estación Biológica Allpahuayo (3.97° S, 73.42° W). 
236. Loreto, Requena, Jenaro Herrerra (4.87° S, 73.65° W). 
237. Loreto, Río Gálvez, Nuevo San Juan (5.26° S, 73.16° W). 
238. Pasco, San Alberto, Estación El Cedro (10.57° S, 75.5W). 
SURINAM 
239. Marowijne, Oelemarie (3.10° N, 54.52° W). 
240. Nickerie, Kayserberg Airstrip (3.1° N, 56.48° W). 
241. Saramacca, Raleigh Falls (4.73° N, 56.20° W). 
242. Sipaliwini, Kasikasima (2.98° N, 55.39° W). 
243. Sipaliwini, Werehpai Camp (2.36° N, 56.7° W). 
URUGUAY 
244. San José, Elcilda Paullier, Estancia El Relincho (34.48° S, 56.97° W). 
VENEZUELA 
245. Bolívar, 65 km SSE of El Dorado, km 88 (6.17° N, 61.35° W). 
246. Bolívar, Río Caroní, environs village Rio Claro (7.92° N, 63.02° W). 
247. Bolívar, Río Caroní, village Río Claro (7.92° N, 63.02° W). 
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248. Bolívar, Río Supamo, 56 km SE El Manteco (7.00° N, 62.25° W). 
249. Falcón, Serranía de San Luís, Cabure, Camino Viejo (11.15° N, 69.62° W). 
250. Guárico, 10 km S Calabozo (8.85° N, 67.38° W). 






SUPPORTING INFORMATION, TABLE 2. List of sequences of Marmosa, Tlacuatzin and outgroups used for this study. See 
Catalog data of voucher material for explanations of acronyms. 
Species Voucher 
Genbank # (number of base pairs) 
Cytb IRBP BRCA1 OGT SLC38 








 (666)  




 (943) KM071232 (651) KM071135 (754) 








 (651) KM071136 (803) 






 (949) KM071234 (645) KM071140 (629) 
Marmosa murina  USNM 549291 HM106394
d
 (1146) KM070953 (879) KM071233 (644) KM071137 (609) 
Marmosa murina  CM 68346  AY233772
e
 (1158)   
Marmosops impavidus ROM 116281     KM071138 (758) 






 (545)  








 (523)  
Metachirus nudicaudatus MVZ 182772     KM071139 (812) 





















Sequenced by Jansa and Voss (2000). 
b 
Sequenced by Voss and Jansa (2009). 
c 
Sequenced by Giarla and Jansa (2014). 
d 
Sequenced by Gutierrez et al. (2010). 
e 
Sequenced by Voss and Jansa (2003). 
f 
Sequenced by Giarla et al. (2010). 
g 




SUPPORTING INFORMATION, FIGURE 1. Simplified maximum-likelihood tree of 
Monodelphis based on analyses of the CYTB dataset (453 terminals, 1149 aligned sites). Black 
circles at nodes indicate clades with MP and ML bootstrap frequencies ≥75% and Bayesian 




SUPPORTING INFORMATION, FIGURE 2. Maximum-likelihood tree of Monodelphis based 
on analyses of the BRCA1 dataset (106 terminals, 952 aligned sites). Black circles at nodes 
indicate clades with MP and ML bootstrap frequencies ≥75% and Bayesian posterior 




SUPPORTING INFORMATION, FIGURE 3. Maximum-likelihood tree of Monodelphis based 
on analyses of the IRBP dataset (114 terminals, 1158 aligned sites). Black circles at nodes 
indicate clades with MP and ML bootstrap frequencies ≥75% and Bayesian posterior 




SUPPORTING INFORMATION, FIGURE 4. Maximum-likelihood tree of Monodelphis based 
on analyses of the OGT dataset (106 terminals, 747 aligned sites). Black circles at nodes indicate 
clades with MP and ML bootstrap frequencies ≥75% and Bayesian posterior probabilities ≥0.95. 




SUPPORTING INFORMATION, FIGURE 5. Maximum-likelihood tree of Monodelphis based 
on analyses of the SLC38 dataset (100 terminals, 976 aligned sites). Black circles at nodes 
indicate clades with MP and ML bootstrap frequencies ≥75% and Bayesian posterior 






SUPPORTING INFORMATION, TABLE 3. Mean uncorrected cytochrome-b (cytb) distances (scaled as percent sequence 
divergence; below diagonal) among sequenced species of Monodelphis: 1 = M. adusta; 2 = M. handleyi; 3 = M. osgoodi; 4 = M. 
peruviana; 5 = M.reigi; 6 = Monodelphis sp. 2; 7 = M. kunsi; 8 = Monodelphis sp. 1; 9 = M. arlindoi; 10 = M. brevicaudata; 11 = M. 
domestica; 12 = M. glirina; 13 = M. palliolata; 14 = M. sanctaerosae; 15 = Monodelphis sp. 4; 16 = Monodelphis sp. 3; 17 = M. 
touan; 18 = M. americana; 19 = M. gardneri; 20 = M. iheringi; 21 = M. scalops; 22 = M. dimidiata; 23 = M. emiliae. The values 
within brackets on the diagonal of the matrix correspond to the mean distance within each species. 
 1  2  3  4  5  6  7  8  9  10  11  12  13  14     15  16     17  18  19  20  21  22  23  
1  (0.6)                       
2  12.8 (0.5)                      
3  11.0 9.3 (1.9)                     
4  11.0 9.5 8.4 (3.8)                    
5  9.2 9.8 9.2 9.4 (0.4)                   
6  9.7 9.2 8.1 8.9 9.4 (2.7)                  
7  13.2 15.1 14.2 13.9 14.2 13.6 (3.6)                 
8  14.5 15.0 14.3 13.9 13.3 14.0 11.1 (1.0)                
9  15.5 16.0 14.7 15.7 15.5 14.7 16.7 16.2 (0.9)               
10  16.3 16.3 16.2 17.5 15.8 15.0 16.7 16.6 6.4 (0.6)              
11  16.2 17.8 15.7 16.5 15.9 15.7 17.3 16.7 10.3 11.3 (3.4)             
12  16.6 17.5 16.2 16.8 16.8 15.7 17.6 17.2 12.5 12.6 11.7 (5.2)            
13  17.9 16.9 17.2 18.0 16.0 16.8 16.7 16.3 6.4 5.0 11.7 12.8 (0.8)           
14  14.1 15.6 14.7 15.5 15.0 14.2 16.0 15.6 9.8 9.6 9.5 9.1 10.2 —          
15  17.2 16.3 16.4 17.1 16.2 16.2 16.4 17.0 6.4 6.2 10.0 12.0 5.7 9.1 (0.3)         
16  14.9 15.7 15.0 15.7 14.4 15.6 16.1 15.1 9.5 10.2 9.9 11.2 10.2 6.7 9.4 —        
17  15.3 16.3 15.8 16.3 15.8 15.2 16.2 16.0 6.3 6.2 10.7 12.6 5.3 9.8 6.1 9.7 (1.5)       
18  14.8 15.2 13.8 14.0 14.2 14.1 14.8 15.0 14.9 15.5 15.7 16.2 16.2 14.3 15.2 15.8 15.9 (5.5)      
19  15.8 14.9 14.8 15.8 15.1 14.2 16.4 15.6 15.8 16.6 15.9 16.8 16.4 15.8 15.7 16.9 16.1 13.7 (2.8)     
20  15.6 14.4 15.5 14.7 14.5 14.8 16.2 16.1 15.2 15.5 14.9 16.8 16.0 15.6 15.5 16.1 16.2 13.0 14.2 (5.6)    
21  15.1 14.4 13.2 13.1 14.2 12.7 14.3 15.5 15.4 16.0 15.7 17.3 16.3 15.2 16.5 15.9 14.9 14.8 16.4 15.3 (2.1)   
22  14.7 15.9 15.2 15.1 15.0 13.4 15.7 15.1 16.2 15.6 16.4 17.5 16.5 14.8 16.4 15.5 15.2 14.2 15.8 15.0 14.4 (1.5)  
23  15.5 15.5 15.6 15.8 15.5 14.9 15.0 15.2 17.3 17.1 16.8 17.9 17.0 16.4 17.3 16.4 16.3 15.2 15.7 14.9 15.4 15.2  (6.3) 
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SUPPORTING INFORMATION, TABLE 4. Results of Pagel’s (1994) tests for correlated 
evolution between dorsal pelage pattern and habitat: Likelihood (L) values for the data calculated 
under independent and dependent models in Bayes Traits (Pagel and Meade, 2006), differences 
in likelihood between models (∆L), chi-squared (X
2
), and p values resulting from the likelihood-
ratio test. 
  L Independent L Dependent ∆L X
2
 p 
Monodelphis dimidiata coded as 
“moist forest” 
-17.35 -12.49 5.40 10.81 0.029 
Monodelphis dimidiata coded as 
“open vegetation” 
-18.83 -15.30 3.53 7.06 0.133 
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Aim To infer historical-biogeographical patterns and processes in South America based on 
estimated divergence times and ancestral distributions for a diverse clade of small marsupials 
(Monodelphis). 
Location South America. 
Methods We estimated a time-scaled phylogeny using sequence data from four nuclear genes 
and one mitochondrial gene for most currently recognized species, which we also scored for 
biome occupancy. We used maximum-likelihood methods that explicitly model historical-
biogeographical processes to estimate ancestral distributions. 
Results The earliest cladogenetic events in the genus occurred in the late Miocene, with 
subsequent diversification from the early Pliocene to the late Pleistocene. Model selection 
suggests an important role for founder-event speciation, a process seldom accounted for in 
previous biogeographical analyses of continental clades. Two equivalently optimal models that 
incorporate this process each reconstruct the most recent common ancestor of Monodelphis as 
occurring in both Amazonia and the Atlantic Forest, from which the Andes, the Arid Diagonal 
(Caatinga, Cerrado, Chaco), and other neighbouring biomes were colonized during the Pliocene 
and Pleistocene.  
Main Conclusions The diversification of Monodelphis was not restricted to a narrow time 
interval, suggesting that speciation cannot be attributed to a single leading factor such as 
tectonism or Pleistocene climatic fluctuations. In particular, speciation within the Atlantic Forest 
biome appears to have occurred in the Neogene, whereas most Amazonian speciation events are 
substantially younger. Amazonia and/or the Atlantic Forest hosted most diversification events 
within Monodelphis and were the historical sources of lineages that subsequently colonized other 
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areas. Founder-event speciation, a concept traditionally associated with long-distance dispersal 
among islands, must sustain other interpretations in historical-biogeographical analyses of non-
vagile organisms in continental contexts. Possible mechanisms for founder-event speciation in 
Monodelphis include historically transient connections between currently disjunct biomes and 
rapid reproductive isolation of populations colonizing adjacent but ecologically disparate biomes. 
 
Keywords 
Amazon, ancestral range estimation, Atlantic Forest, biogeography, dated phylogeny, disjunction, 




The Neotropics harbour some of the world’s most diverse biotas, and understanding how this 
biodiversity was established has long been a fundamental question in evolutionary biology. Of 
particular interest are issues associated with the timing and causes of diversification, especially 
in tropical South America (Cracraft & Prum, 1988; Moritz et al., 2000; Hill & Hill, 2001; 
Antonelli et al., 2009). Although several alternative scenarios have been proposed to account for 
high speciation rates in this region (e.g., vicariance through orogeny, river formation, Pleistocene 
refugia, etc.), these are not mutually exclusive, and it is now widely understood that multiple 
diversification phenomena are likely to account for current patterns of diversity (Bush, 1994; 
Rull, 2013b).  
In this context, comparing the evolutionary histories of multiple codistributed taxa may 
improve our understanding of how and when species originated (Chaves et al., 2013; Batalha-
Filho et al., 2014). Molecular phylogenies of extant taxa provide an indirect record of speciation 
events, from which temporal patterns of lineage divergence can be reconstructed (Barraclough & 
Nee, 2001). Together with geographical data, taxonomically well-sampled chronograms of 
widespread groups are potentially useful for assessing the relevance of competing historical 
explanations and can also be informative about biogeographical processes that have shaped the 
Neotropical biota.  
Despite this potential, studies on geographically widespread Neotropical groups with 
relatively complete taxon sampling are still scarce. The situation is notably better for birds (e.g., 
Patané et al., 2009; Ribas et al., 2009; Patel et al., 2011; Chaves et al., 2013; Batalha-Filho et al., 
2014), but studies of low-vagility (small, nonvolant, stenotopic) organisms that might closely 
track biomes or other landscape units over time are still much to be desired. Small didelphid 
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marsupials of the genus Monodelphis Burnett, 1830, are good candidates for such analyses. 
These species are small (<200 g), terrestrial, insectivorous opossums, most of which are 
narrowly restricted to particular vegetation formations (e.g., lowland rain forest, montane forest, 
dry forest; Pine and Handley, 2008) where they inhabit the litter layer and other ground-level 
microhabitats (Streilein, 1982; Voss & Emmons, 1996; Emmons & Feer, 1997). The genus is 
widespread in South America, ranging from high-elevations in the Andes across Amazonia to the 
Atlantic Forest in south-eastern Brazil and the temperate grasslands of northern Argentina. A 
recent DNA-based phylogeny that included 23 of the 25 currently recognized species (Pavan et 
al., 2014) provides a robustly supported phylogenetic hypothesis from which inferences about 
divergence times and historical-biogeographical phenomena can now be obtained. Although 
previous phylogenies of Monodelphis have been interpreted biogeographically (e.g., by Lim et 
al., 2010; Solari, 2010; Carvalho et al., 2011), incomplete taxon sampling and weak nodal 
support have so far inhibited confident inference about ecogeographical patterns of cladogenesis.  
To date, most historical-biogeographical analyses of Neotropical organisms have not 
accounted for the full range of evolutionary phenomena that might explain observed 
distributional patterns. Although traditional narrative biogeography is often supplemented by 
parsimony-based reconstructions of ancestral distributions, biogeographically explicit model-
based analyses have the advantage that process-level assumptions can be tested statistically (Ree 
& Smith, 2008; Ree & Sanmartín, 2009). Such analyses usually model dispersal, extinction and 
range-switching as anagenetic processes (occurring along branches), and they include various 
speciation phenomena as cladogenetic processes (occurring at internal nodes). However, most 
current methods do not model dispersal as a speciation mechanism, despite the fact that founder-
event speciation—allopatric speciation via dispersal—is widely regarded as an important 
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evolutionary process (e.g., Mayr, 1963; Templeton, 2008). 
Recently developed biogeographical models that include a free parameter for founder-
event speciation have been applied to a variety of datasets, and the results suggest that allopatric 
speciation via dispersal is a crucial process in almost every analysed clade (Matzke, 2013b; 
Matzke, 2014). An important cladogenetic role for dispersal-mediated allopatry is likewise 
supported by the discovery of sister taxa of widely varying ages on opposite sides of the same 
geographical barrier, implying multiple dispersal events over time rather than coincident 
vicariance (Smith et al., 2014). However, because founder-event speciation is usually discussed 
in the context of “long-distance” dispersal, the relevance of this phenomenon for biogeographical 
analyses of low-vagility organisms seems open to question.  
In this study we provide a time-scaled phylogeny for Monodelphis, and we use a variety 
of biogeographical models—including three that include a free parameter for founder-event 
speciation—to estimate ancestral distributions and infer causal processes of spatiotemporal 
diversification. Among other relevant topics, we investigate the potential relevance of 
Pleistocene versus Neogene events (Rull, 2008; Hoorn et al., 2010; Hoorn et al., 2011; Rull, 
2011a, b, 2013a) for explaining Neotropical species diversity. We also address the notion that 
some Neotropical areas are sources of species diversity, whereas others might be “museums” or 
“sinks” where species accumulate rather than diversify (Haffer, 1967; Fjeldsa, 1994; Sedano & 
Burns, 2010). Additionally, species of Monodelphis exemplify biogeographical patterns of 
general interest to Neotropical biogeographers, such as endemism on the eroded table mountains 
of the Guiana Region (the so-called “Lost World” of Pantepui). Finally, we consider the 
statistical evidence for founder-event speciation in Monodelphis and suggest interpretations 




MATERIALS AND METHODS 
 
DNA sequence collection 
We obtained DNA sequence data from 100 individuals representing 23 of the 25 currently 
recognized species of Monodelphis (Table 1). We were not able to sample M. ronaldi (known 
only from the holotype; Solari, 2004) nor could we obtain material of M. unistriata (known from 
just two specimens, both >100 years old; Pine et al., 2013). We used sequences of the 
mitochondrial gene cytochrome b (CYTB) and partial sequences of the nuclear loci Breast 
Cancer Activating 1 Gene (exon 11, BRCA1), Interphotoreceptor Retinoid Binding Protein 
(exon 1, IRBP), Solute Carrier Family 38 (intron 7, SLC38), and O-linked N-acetylglucosamine 
Transferase (intron 14, OGT). Of the four nuclear genes, three (BRCA1, IRBP, and SLC38) map 
to autosomal loci in the Monodelphis domestica genome 
(http://www.ncbi.nlm.nih.gov/genome?term=monodelphis%20domestica), whereas OGT is on 
the X chromosome. Based on earlier phylogenetic studies (Voss & Jansa, 2009) we included ten 
species of other didelphid marsupials as outgroups and rooted the phylogeny with Caluromys 
lanatus. For a complete list of analysed sequences, information about voucher specimens, 




Orthologous DNA sequences were aligned using MUSCLE (Edgar, 2004) as implemented by 
GENEIOUS 5.6.6 (Drummond et al., 2011) using default parameters. Sequence data from all five 
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genes were then combined into a concatenated dataset for the inference of a time-scaled 
phylogenetic tree. PARTITION FINDER 1.0.1 (Lanfear et al., 2012) was employed to select the best 
partitioning scheme and corresponding models of nucleotide substitution under the Bayesian 
information criterion (Schwarz, 1978). We defined separate data blocks for each of the three 
codon positions of the protein-coding genes (CYTB, BRCA1, IRBP) and defined a single data 
block for each intron (OGT, SLC38). 
Inference of a time-scaled phylogeny was performed through Bayesian Markov chain 
Monte Carlo analyses as implemented in BEAST 1.8.0 (Drummond & Rambaut, 2007). We 
unlinked substitution models across partitions and specified substitution models for each as 
determined by PARTITION FINDER (above). We implemented these by manually editing the xml 
file generated by the BEAUTI module. We linked trees across partitions and specified a Yule prior, 
following an exponential distribution with a mean of 1.0. We unlinked clock models across 
partitions and specified a lognormal relaxed clock with mean rate variation following an 
exponential distribution with mean = 0.1 and standard deviation = 0.33 for each. As calibration 
points, we used two minimum divergence dates based on fossil data, and assumed a log-normal 
distribution with mean and standard deviation of 1.0 for each, specifying the following offsets: 
(1) the divergence between Didelphis and Philander at 3.3 Ma; and (2) the split between 
Monodelphis and Marmosa at 12.1 Ma. The first calibration is based on the skull of †Didelphis 
brachydonta from the Chapadmalal Formation in Argentina (Simpson, 1972), dated at 3.3 Ma 
(Schultz et al., 1998). The second divergence date is based on the partial mandible of Marmosa 
†laventica (Marshall, 1976) from the Monkey Unit of the Honda Group, which has been dated 
between 12.1 and 12.6 Ma (Flynn et al., 1997). Additionally, we calibrated the most recent 
common ancestor (MRCA) of Monodelphis by implementing a normally-distributed prior with 
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mean = 7.4 Ma and standard deviation = 1.27 Ma, following the estimates of Jansa et al. (2014) 
for the crown age of Monodelphis. 
We assessed proper Markov chain mixing and convergence by examining effective 
sample sizes and trace diagrams in TRACER 1.5 (Rambaut & Drummond, 2007). We performed 
two runs of 1 x 10
8
 generations of MCMC searches sampling every 10000 generations, and 
discarded the first 10% of the sampling trees and estimated parameters as burn-in. The maximum 
clade credibility tree was constructed from the posterior sample of trees using TREEANNOTATOR 
1.8.0 (Drummond & Rambaut, 2007). 
To assess the sensitivity of our biogeographical inference to different phylogenetic 
methods, we also computed a coalescent “species” tree using the same sequence data used for the 
concatenated analysis (see Appendix S2 in Supporting Information for details). 
 
Scoring biome occupancy  
We consulted field notes, specimen labels, published inventory reports, and vegetation 
maps to score Monodelphis species as occupying one or more biomes (or biome-like regions) in 
South America (Table 1). The following eight areas were recognized and scored for species 
occupancy: (1) the Andes, comprising montane forests >1500 m along the main cordilleras; (2) 
Amazonia, comprising the contiguous lowland rain forests of the Amazon and upper Orinoco 
basins, the coastal watersheds between the mouth of the Orinoco and the mouth of the Amazon, 
and the Tocantins watershed; (3) the Arid Diagonal, comprising the contiguous Chaco, Cerrado, 
and Caatinga (primarily, but not exclusively dry forests and savanna vegetation); (4) the Atlantic 
Forest, comprising lowland and montane forests along the Atlantic coast of SE Brazil and the 
contiguous moist-subtropical forests of the Paraná basin of east Paraguay and north-east 
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Argentina; (5) the Pampas, comprising the subtropical and temperate grasslands of Uruguay and 
north-east Argentina; (6) Coastal Venezuela, comprising the lowland and lower-montane rain 
forests north of the Llanos, east of the Andes, and west of the lower Orinoco; (7) the Llanos, 
comprising all of the savanna vegetation north of the Orinoco and east of the Andes; and (8) 
Pantepui, comprising any vegetation of distinctly montane character on the summits and slopes 
of the table mountains (tepuis) of western Guyana and southern Venezuela. We experimented 
with simplifying our biome classification by condensing Coastal Venezuela (rain forest) with the 
Llanos (savanna) into a single unit, and by condensing the Atlantic Forest (rain forest) with the 
Pampas (temperate grassland). The result of biogeographical model-fitting with these changes 
did not materially affect the main results described below, which appear to be robust to this 
alternative biome coding. 
 
Ancestral range estimation 
We carried out maximum-likelihood (ML) ancestral-range estimation using the R package 
“BioGeoBEARS” (Matzke, 2013a). “BioGeoBEARS” estimates ancestral geographical 
distributions on a dated phylogeny, estimates parameter values corresponding to explicitly 
modelled biogeographical processes (see below), and provides statistics for choosing among 
models that incorporate different sets of biogeographical processes. To conduct ancestral-range 
estimations, we used the time-scaled phylogenetic tree resulting from our BEAST analysis, which 
was pruned to include only species of Monodelphis, each of which was represented by a single 
terminal (23 terminals total). We compared six biogeographical models, three of which included 
a free parameter for founder-event (“jump”) speciation: (1) Dispersal-extinction-cladogenesis 
(DEC; Ree et al., 2005), (2) DEC + founder-event speciation (DECj), (3) a likelihood version of 
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dispersal-vicariance analysis (originally a parsimony method [Ronquist, 1997]; DIVALIKE), (4) 
DIVALIKE + founder-event speciation (DIVALIKEj), (5) a likelihood version of the BayArea 
model (also originally a parsimony method [Landis et al., 2013]; BayAreaLIKE), and (6) 
BayAreaLIKE + founder-event speciation (BayAreaLIKEj) (for relevant comparisons of 
biogeographical processes corresponding to each of these models, see Matzke, 2013b). We 
implemented these models under two scenarios: one where ancestors were allowed to occupy up 
to eight areas (unconstrained occupancy) and another in which ancestors were not allowed to 
occupy more than three areas (constrained occupancy, as observed among our terminal taxa). We 
compared models for statistical fit using the Akaike information criterion (AIC), AIC weights, 






Our complete multiple-sequence alignment was 4982 base pairs long, and the optimal locus-
partitioning scheme for our combined-gene dataset included seven partitions (Table 2). The 
maximum clade credibility tree obtained from our BEAST analysis recovered the same species 
relationships within Monodelphis as those previously reported by Pavan et al. (2014), including 
three highly supported multi-species groups (Fig. 1). The species tree that we computed using the 
same sequence data is very similar to this topology (Fig. S2.1), and includes the same highly 
supported multi-species groups (not a surprising result because the individual gene trees are all 
highly congruent; Pavan et al., 2014). In fact, the only topological differences between the 
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species tree from *BEAST and the maximum clade credibility tree from BEAST involve the 
relationships of three species (M. dimidiata, M. palliolata, and M. arlindoi) that received low 
statistical support in both analyses. 
Divergence time estimates suggest that the MRCA of Monodelphis lived in the late 
Miocene (Median age = 7.21 Million years ago [Ma]; 95% of the highest posterior density 
[HPD] = 8.49–6.04 Ma), and that three subsequent cladogenetic events also occurred in the 
Miocene, apparently over a short interval from 7.21 to 6.13 Ma (95% HPD 8.49–5.01 Ma). By 
contrast, diversification events within the americana, adusta, and brevicaudata species groups 
seem to have spanned a much broader period of time, from the early Pliocene to the late 
Pleistocene (4.98–0.58 Ma; 95% HPD 6.07–0.40 Ma). The ages of extant species varies 
markedly across these clades; for instance, whereas speciation events within the americana 
group occurred during the Pliocene (from 4.41 to 3.87 Ma; 95% HPD 5.43–3.04 Ma), the 
brevicaudata group experienced exclusively Pleistocene cladogenesis (from 2.40 to 0.58 Ma; 
95% HPD 2.99–0.40 Ma). In the adusta group, six species are descended from Pleistocene 
cladogenesis (between 2.40 and 1.38 Ma; 95% HPD 3.01–0.99 Ma), whereas M. kunsi and M. 
pinocchio diverged in the late Pliocene (3.30 Ma; 95% HPD 4.21–2.51 Ma). 
 
Ancestral range estimation 
Of the six biogeographical models that we implemented in “BioGeoBEARS”, those that included 
founder-event speciation (“j models”) consistently outperformed analogous models that did not 
(“non-j models”). Comparisons of the performance of j and non-j models showed dramatic 
differences in likelihood for both unconstrained and constrained analyses (Table 3), with 
likelihood-ratio tests strongly favouring (P <0.0001) j models over their non-j alternatives. 
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Similarly, AIC scores (Table 3) are about 17 to 21 units lower for j models than they are for 
corresponding non-j models, and evidence ratios computed from AIC weights consistently 
favour j models by about 10
4
. 
Overall, DECj (Dispersal-extinction cladogenesis plus founder-event speciation) 
provided the best statistical fit to our data under both unconstrained and constrained occupancy 
scenarios. Although the constrained-occupancy DECj model yielded a slightly higher likelihood 
for our data than the corresponding unconstrained model, this small difference resulted in almost 
identical AIC values and Akaike weights (0.52 for the constrained model versus 0.48 for the 
unconstrained model). In effect, the constrained and unconstrained DECj models are essentially 
equivalent in terms of Kullback–Leibler discrepancy (Wagenmakers & Farrell, 2004), so we 
report the most-probable scenario based on the set of ancestral distributions that received the 
highest likelihood in both models (Fig. 2) (for the full set of reconstructed ancestral ranges at 
each node, see Appendix S3 in Supporting Information). 
For all nodes, the most-probable ancestral state was the same in both constrained (Fig. 
S3.1) and unconstrained DECj analyses (Fig. S3.1). The constrained model usually recovered 
higher estimated probabilities for the most-probable state at each node, an expected result given 
that the constrained analysis includes many fewer possible states. Both models reconstructed the 
MRCA of Monodelphis as inhabiting a hybrid biome that spanned Amazonia and the Atlantic 
Forest, but the probability for this state (Am + AF) is higher according to the constrained model 
(P = 0.35 versus P = 0.31 for the unconstrained model). The Atlantic Forest probably hosted the 
MRCA of M. dimidiata, M. scalops and the americana group (P = 0.66 for the constrained 
model and 0.60 for the unconstrained model), whereas Amazonia probably hosted the MRCA of 
the adusta and brevicaudata groups (P = 0.60 for the constrained model and 0.61 for the 
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unconstrained model). According to the most-probable scenario, the Atlantic Forest and/or 
Amazonia were the primary sources areas for dispersal to other regions. From the Atlantic Forest, 
one clade dispersed to the Pampas, another dispersed to the Andes, a third dispersed to the Arid 
Diagonal, and a fourth dispersed to the Arid Diagonal plus Amazonia. From Amazonia, one 
clade dispersed to the Atlantic Forest, one to Pantepui, one to the Andes, one to Coastal 
Venezuela and the Llanos, and two to the Arid Diagonal. 
Apparently, Amazonia and the Atlantic Forest also hosted most of the speciation events 
within Monodelphis. Among the 22 cladogenetic events within the genus, 14 occurred in 
Amazonia, five occurred in the Atlantic Forest, two occurred in a hybrid Amazonian/Atlantic 
Forest biome, and one occurred in a hybrid (Amazonian/Andean) biome. 
Ancestral-range estimations using the species tree (Appendix S2) yield similar results, 
with the most-probable ancestral ranges being identical to those obtained from the concatenated-
data tree for 19 out of 22 nodes. The three most-probable ancestral states that differed between 
these alternative phylogenies all reflect the discrepant placement of M. dimidiata, but the MRCA 
of Monodelphis is still recovered as inhabiting a hybrid biome that includes both Amazonia and 




Spatiotemporal patterns of diversification 
The most robust result from this study, in combination with Pavan et al.’s (2014) earlier analyses 
of habitat occupancy in Monodelphis, is that the tropical lowland humid forests of Amazonia 
and/or the Atlantic coast of southeastern Brazil were the most probable ecogeographical sources 
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of lineages that subsequently colonized other South American landscapes. Whereas almost one-
third of the species included in our analyses occur in dry forest, montane forest, or grasslands, all 
of these appear to have descended from Amazonian and/or Atlantic Forest ancestors. Although 
Andean habitats remain poorly sampled by mammalogical collectors and might eventually be 
found to harbour additional species with a shared history of highland cladogenesis, we currently 
find no compelling evidence of secondary radiations of Monodelphis in biomes other than 
Amazonia and the Atlantic Forest. 
Despite the fact that the MRCA of Monodelphis is reconstructed as having occurred 
simultaneously in both Amazonia and the Atlantic Forest (as is one subsequent ancestors in the 
concatenated-data reconstruction), the faunas of these biomes are now quite distinct, with ten 
Recent species endemic to Amazonia and three species endemic to the Atlantic Forest; a fourth 
Atlantic Forest species (M. dimidiata) also occurs in the Pampas, but not in Amazonia. Only one 
species, M. americana, occurs in both Amazonia and the Atlantic Forest, but its known 
Amazonian distribution is marginally restricted to the lower Tocantins. According to our 
reconstructions, these essentially separate Recent faunas are descended from one or more 
widespread ancestors via vicariance, dispersal, and/or range-contraction. 
Such results imply that the Arid Diagonal did not completely separate Amazonia and the 
Atlantic Forest during the entire Neogene, as it does today. Indeed, historical forest corridors 
across the Chaco, Cerrado, and/or the Caatinga have long been suggested by geomorphologists 
and botanists (Andrade-Lima, 1964; Rizzini, 1979), and faunal connections between Amazonia 
and the Atlantic Forest have previously been inferred from many studies of mammals and other 
vertebrate groups (Vanzolini, 1970; Mares et al., 1985; Vivo, 1997; Costa, 2003; Faivovich et al., 
2005; Ribas et al., 2007; Martins et al., 2011). According to Batalha-Filho et al. (2013), Miocene 
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exchanges between Amazonia and the Atlantic Forest may have occurred via a southern corridor 
through the northern Chaco, whereas younger exchanges may have occurred through one or 
more northern corridors through the Caatinga. Although unpublished phylogeographical data for 
M. americana (Pavan, in preparation) are consistent with a Pleistocene forest corridor around or 
through the Caatinga, results from this analysis are uninformative about the historical geography 
of faunal exchanges between Amazonia and the Atlantic Forest. 
Pavan et al.’s (2014) discovery that three Atlantic Forest species (Monodelphis scalops, 
M. americana, and M. iheringi) form a strongly supported monophyletic group with M. gardneri, 
an Andean species, provided the first marsupial example of a disjunct distribution pattern that is 
not uncommon for birds (Sick, 1985; Willis, 1992), but is rare among nonvolant vertebrates [the 
few nonavian examples include hylid frogs of the Hypsiboas pulchellus group (Faivovich et al., 
2004, 2005) and several sister taxa of cricetid rodents (Percequillo et al., 2011)]. Such 
disjunctions, at least among nonvolant clades, are most plausibly explained by humid-forest 
connections between the Andes and the Atlantic Forest. However faunal exchange between the 
Andes and the Atlantic Forest was accomplished, our analytic results suggest an Early Pliocene 
(4.41 Ma, 95% HPD = 5.43–3.51 Ma) origin for Monodelphis gardneri, the only date currently 
available for any nonvolant vertebrate clade that shows this particular range disjunction. 
The fact that the several species inhabiting the dry forests of the Arid Diagonal 
(Monodelphis domestica, M. kunsi, M. sanctaerosae) are each descended from different 
Amazonian or Atlantic Forest ancestors is noteworthy and supports Costa’s (2003) hypothesis 
that the mammalian faunas of the Cerrado and Caatinga are historically related to adjacent 
rainforest faunas, with which they have often exchanged colonizing lineages. Carmignotto et 
al.’s (2013) recent review of Cerrado and Caatinga mammals hypothesized that open-formation 
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vicars of forest lineages may have evolved in the late Tertiary, but our analyses suggest that at 
least two Cerrado species (M. domestica and M. sanctaerosae) evolved from Amazonian 
ancestors in the Pleistocene. Because other Cerrado opossums (e.g., Thylamys karimii, T. 
macrurus, T. velutinus) are descended from ancestors that had already transitioned to arid 
habitats in the Miocene (Jansa et al., 2014), the endemic didelphid fauna of the Arid Diagonal 
appears to be temporally heterogeneous. 
 Monodelphis reigi is one of only a few mammalian species endemic to Pantepui, the 
archipelago of montane habitats that extends across the Guiana Highlands of southern Venezuela 
and western Guiana (Lim, 2012; Voss et al., 2013). Pantepui mammals have received little 
attention from biogeographers by comparison with that lavished on the avifauna (reviewed by 
Mayr & Phelps Jr., 1967) and herpetofauna (McDiarmid & Donnelly, 2005), for which a variety 
of alternative explanations have been proposed to account for regional endemism. Among the 
few available biogeographical analyses of endemic tepui mammals, Lim et al. (2010) and Lim 
(2012) suggested that M. reigi is descended from an Andean ancestor that dispersed to the 
Guiana Highlands in the Miocene. Our analyses, by contrast, suggest that M. reigi is descended 
from an Early Pleistocene (95% HPD = 2.40–1.23 Ma) Amazonian ancestor, a result that we 
attribute to more complete taxon sampling and more accurate geographical coding of relevant 
terminal taxa in the adusta species group (Pavan et al., 2014: 209–210) and to an explicitly time-
calibrated analysis (Lim et. al.’s [2010] analysis was not time-calibrated). Our scenario, which 
does not require long-distance dispersal by a non-flying montane organisms, is consistent with 
other phylogenetic evidence (Voss et al., 2013) that at least some elements of the mammalian 
fauna of Pantepui evolved relatively recently from geographically adjacent Amazonian forebears. 
Another mammal endemic to tepui summits (Podoxymys roraimae) has been recovered as 
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closely related to taxa found in open-vegetation biomes, especially the Cerrado (Leite et al., 
2015). Together, these results suggest that the mammalian fauna of Pantepui might have 
descended from ancestors with heterogeneous distributions and habitat preferences. 
 In addition to the reconstructed patterns of biome occupancy discussed above, the 
apparent antiquity of Atlantic Forest species of Monodelphis—all of which appear as long, 
unbranched lineages in our time-calibrated trees—by comparison with relatively short-branched 
Amazonian species is interesting. This result might be explained either by the absence of active 
Quaternary speciation in the Atlantic Forest, or by a lack of revisionary-taxonomic attention to 
Atlantic Forest species. The first explanation, if true, might reflect the much smaller extent of the 
Atlantic Forest, perhaps with correspondingly fewer historical opportunities for Quaternary 
allopatry. The second explanation—that this phenomenon is, in effect, a taxonomic artifact—can 
only be tested by future revisionary work focused on endemic Atlantic Forest lineages, some of 
which show much deeper levels of intraspecific molecular divergence than most Amazonian 
congeners. 
 
 “Founder-event speciation” in low-vagility organisms 
Biogeographical models that include a free parameter for founder-event speciation (sensu 
Matzke, 2013b; Matzke, 2014) clearly provide a better fit to our data than otherwise equivalent 
models that do not include such a term. However, “founder-event” (or just “founder”) speciation 
is normally used to refer to a particular microevolutionary process (Mayr, 1963; Templeton, 
2008) for which a priori evidence seldom exists to justify its application in the context of 
biogeographical modelling. Additionally, founder events (the establishment of a new population 
by just a few immigrant individuals) are usually discussed in the context of long-distance 
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dispersal, an indispensible biogeographical scenario for oceanic islands (Cowie & Holland, 
2006), but one that is seldom invoked to explain intra-continental distributions of flightless 
organisms. Therefore, it seems appropriate to consider what process-level interpretation our 
analytic results can plausibly sustain. 
As modeled by “BioGeoBEARS” (Matzke, 2013b; Matzke, 2014), founder-event 
speciation is nothing more (or less) than cladogenesis mediated by dispersal rather than 
vicariance. For biogeographical analyses of organisms evolving on intra-continental landscapes, 
“dispersal” (range expansion) does not necessarily imply long-distance movements by individual 
organisms. Vegetation formations can expand or contract in response to changing climatic 
conditions, for example, creating corridors for range expansion between nonadjacent biomes; 
river cutoffs can transfer populations of nonvolant organisms from one bank to another; and 
mountain passes can provide avenues for transmontane range expansions of lowland species 
during warm periods. Alternatively, dispersal can occur when a species simply extends its 
ecogeographical range from one biome into a neighbouring region. 
 Our results suggest that dispersal was often coincident with genetic isolation in 
Monodelphis, perhaps because habitat corridors that permitted faunal exchange between non-
adjacent biomes (e.g., gallery-forest connections between Amazonia and the Atlantic Forest) did 
not persist for very long, or because adaptations to different habitats following range expansion 
between neighbouring biomes (e.g., Amazonia and Pantepui) caused rapid ecological speciation. 
Based on the most-probable ancestral ranges estimated under both our constrained and 
unconstrained models, seven speciation events are unambiguously associated with dispersal, 
whereas only one is clearly interpretable as the result of vicariance (Fig. 2). These results, 
together with others recently reported from analyses of South American datasets (e.g., Batalha-
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Filho et al., 2014; Buckner et al., 2015) suggest that dispersal-mediated cladogenesis has been an 
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TABLE 1. Biogeographical area (biome) assignments for the 23 Monodelphis species analysed in 
this study. 
Species Biome(s) 
M. adusta (Thomas, 1897) Amazonia 
M. americana (Müller, 1776) 
Amazonia + Atlantic Forest + Arid 
Diagonal* 
M. arlindoi Pavan et al., 2012 Amazonia 
M. brevicaudata (Erxleben, 1777) Amazonia 
M. dimidiata (Wagner, 1847) Atlantic Forest + Pampas 
M. domestica (Wagner, 1842) Arid Diagonal 
M. emiliae (Thomas, 1912) Amazonia 
M. gardneri Solari et al., 2012 Andes 
M. glirina (Wagner, 1842) Amazonia 
M. handleyi Solari, 2007 Amazonia 
M. iheringi (Thomas, 1888) Atlantic Forest 
M. kunsi Pine, 1975 Arid Diagonal 
M. osgoodi (Doutt, 1938) Andes 
M. palliolata (Osgood, 1914) Coastal Venezuela + Llanos 
M. peruviana (Osgood, 1913) Amazonia + Andes 
M. pinocchio Pavan, 2015 Atlantic Forest 
M. reigi Lew and Pérez-Hernández, 2004 Pantepui 
M. sanctaerosae Voss et al., 2012 Arid Diagonal 
M. scalops (Thomas, 1888) Atlantic Forest 
M. touan (Shaw, 1800) Amazonia 
M. sp.2 Amazonia 
M. sp.3 Amazonia 
M. sp.4 Amazonia 
*Although M. americana is known from localities that fall within the geographical limits of the 
Cerrado and Caatinga, and is coded as occurring in the Arid Diagonal, this species is apparently 
exclusively associated with gallery forests and other humid forest patches rather than the dry 
formations characteristic of that region.
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TABLE 2. Best fitting partitioning scheme and nucleotide substitution models for 5 DNA 
sequence alignments from Monodelphis species and ten outgroups. 
Subset Partitions Best Model 
BRCA_pos1, IRBP_pos1  K81uf+G 
BRCA_pos2, BRCA_pos3 HKY+G  
CYTB_pos1 SYM+I+G 
CYTB_pos2, IRBP_pos2 HKY+I+G 
CYTB_pos3 TIM+I+G 
IRBP_pos3, OGT K80+G 
SLC38  TVMef+G 
 
 
TABLE 3. Estimated log-likelihoods (LnL), parameter values [d = rate of “dispersal” (range 
expansion); e = rate of “extinction” (range contraction); j = relative per-event weight of “jump” 
dispersal], and Akaike information criterion (AIC) scores from each of the six analyses 
implemented in “BioGeoBEARS”. 
Model 
 Unconstrained occupancy  Constrained occupancy 
LnL d e j AIC LnL d e j AIC 
DEC -68.12 0.02 0.04 0.00 140.2 -67.75 0.02 0.04 0.00 139.5 
DECj -56.44 0.01 0.00 0.05 118.9 -56.33 0.01 0.00 0.05 118.7 
DIVALIKE -69.15 0.02 0.05 0.00 142.3 -68.80 0.03 0.04 0.00 141.6 
DIVALIKEj -57.71 0.01 0.00 0.05 121.4 -57.54 0.01 0.00 0.05 121.1 
BayAreaLIKE -68.76 0.01 0.25 0.00 141.5 -68.90 0.02 0.21 0.00 141.8 






FIGURE 1. Bayesian maximum clade credibility chronogram based on analysis of 4983 aligned sites 
from five genes (CYTB, BRCA1, IRBP, OGT, and SLC38) for 23 species of Monodelphis and 10 
outgroups (not shown). The 95% highest posterior density intervals of dates are shown at each node, as 




FIGURE 2. The most probable biogeographical scenario for Monodelphis based on the set of 
ancestral distributions that received the highest likelihood in both the constrained- and 
unconstrained-occupancy DECj analyses using the concatenated-data phylogeny. Colours in the 
key boxes and map correspond to colourings of internal nodes and terminal taxa. Asterisks at 
nodes and arrows along branches of the tree indicate, respectively, implied vicariant and 
dispersal events associated with cladogenesis. 
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SUPPORTING INFORMATION, APPENDIX S1 
This appendix contains lists of sequences used for our analyses, together with relevant specimen 
information, GenBank accession numbers, geographical data, and references. We compiled most 
of the sequences from Pavan et al. (2014), but we also incorporated sequences from other studies 
(Patton et al., 1996; Jansa & Voss, 2000; Nilsson et al., 2003; Voss & Jansa, 2003, 2009; Voss et 
al., 2005; Mikkelsen et al., 2007; Solari, 2007, 2010; Giarla et al., 2010; Gutierrez et al., 2010; 
Lim et al., 2010; Caramaschi et al., 2011; Carvalho et al., 2011; Giarla & Jansa, 2014). 
 
Institutional sources of voucher material 
Voucher material for DNA sequences analysed in this report (Tables S1.1 and S1.2) is 
preserved in the following collections (in the United States except as noted otherwise): AMNH 
(American Museum of Natural History, New York); BMNH (Natural History Museum, London, 
UK); CM (Carnegie Museum of Natural History, Pittsburgh); CNP (Centro Nacional Patagónico, 
Puerto Madryn, Argentina); EBRG (Museo de la Estación Biológica de Rancho Grande, 
Maracay, Venezuela); FMNH (Field Museum, Chicago); IEPA (Instituto de Pesquisas 
Científicas e Tecnológicas do Estado do Amapá, Macapá, Brazil); INPA (Instituto Nacional de 
Pesquisas da Amazônia, Manaus, Brazil); ISEM (Institut des Sciences de l’Evolution, 
Montpellier, France); KU (Biodiversity Research Center, University of Kansas, Lawrence); 
MCN-M (Coleção de Mamíferos, Museu de Ciências Naturais PUC Minas, Belo Horizonte, 
Brazil); MN (Museu Nacional, Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil); 
MPEG (Museu Paraense Emílio Goeldi, Belém, Brazil); MSB (Museum of Southwestern 
Biology, University of New Mexico, Albuquerque); MUSM (Museo de Historia Natural de la 
Universidad Nacional Mayor de San Marcos, Lima, Peru); MVZ (Museum of Vertebrate 
Zoology, University of California, Berkeley); MZUSP (Museu de Zoologia da Universidad do 
São Paulo, São Paulo, Brazil); ROM (Royal Ontario Museum, Toronto, Canada); TTU (Museum 
of Texas Tech University, Lubbock); UFPE (Universidade Federal de Pernambuco, Recife, 
Brazil); UMMZ (University of Michigan Museum of Zoology, Ann Arbor); UNIR (Fundação 
Universidade Federal de Rondônia, Porto Velho, Brazil); USNM (National Museum of Natural 
History, Smithsonian Institution, Washington).  
Uncatalogued material is identified (in Appendix S1, Table 1) by the acronym of the museum 
where it is currently housed followed by field numbers (in parentheses) with the following 
prefixes: APC = A.P. Carmignoto (Universidade Federal de São Carlos, Brazil); CGB = C.G. 
Bantel (INPA); L- = O.J. Linares (Universidad Simón Bolívar, Venezuela); MTR = M.T. 
Rodrigues (Departamento de Zoologia, Instituto de Biociências, Universidade de São Paulo, 
Brazil); PHA = P.H. Asfora (UFPE). The prefixes ABA, IT-M, StoAn, and UNIBAN and the 
unprefixed numeral “1345” correspond to field series of the MZUSP; EC, and TGP correspond 







TABLE S1.1. List of sequences of Monodelphis used for this study: vouchers numbers, Genbank numbers, and locality data. 
Geographical coordinates (in parentheses) are given in decimal degrees. See Catalog data of voucher material (above) for explanations 
of voucher acronyms. Genbank accession numbers starting with “KM” were sequenced by Pavan et al. (2014).  
Species Voucher Locality 
Genbank # 
Cytb IRBP BRCA1 OGT SLC38 
adusta TTU 84899 
Ecuador: Pastaza, 5 km E Puyo, Safari 
Hostería Park (1.44° S, 78.0° W) 
KM071398 KM071048 KM070956 KM071236 KM071142 
adusta KU 157978 
Peru: Loreto, 1.5 km N Teniente Lopez 
(2.52° S, 76.17° W) 
HM998564
a
 KM071047 KM070955 KM071235 KM071141 
adusta TTU 101164 
Peru: Loreto, Maynas, Estación 
Biológica Allpahuayo (3.97° S, 73.42° 
W)  




Brazil: Pará, Dom Eliseu (4.21° S, 
47.55° W) 
KM071581 KM071063 KM070972 KM071252 KM071157 
americana MZUSP 29462 
Brazil: Ceará, Pacoti, Serra de Batutité, 
Sítio Friburgo, grota do cafezal, ca. de 1 
Km da sede (4.22° S, 38.90° W) 




Brazil: Pernambuco, Jaqueira (8.72° S, 
35.84° W) 
KM071585 KM071060 KM070969 KM071249 KM071154 
americana MCN-M 2149 
Brazil: Bahia, Salvador (12.81° S, 
38.48° W) 




Brazil: Bahia, Ilhéus (14.82° S, 39.03° 
W) 
KM071355 KM071050 KM070958 KM071238 KM071144 
americana MZUSP 29783 
Brazil: Bahia, Jussari (15.15° S, 39.52° 
W) 




Brazil: Bahia, Trancoso (16.53° S, 
39.12° W) 




Brazil: Espírito Santo, Linhares (19.15° 
S, 40.01° W) 
KM071362 KM071058 KM070967 KM071247 KM071152 
americana MCN-M 2524 
Brazil: Minas Gerais, Conceição do 
Mato Dentro (18.88° S, 43.40° W) 







Species Voucher Locality 
Genbank # 
Cytb IRBP BRCA1 OGT SLC38 
americana MCN-M 1591 
Brazil: Minas Gerais, Catas Altas 
(20.16° S, 43.47° W) 
KM071572 
 
KM070962 KM071242 KM071148 
americana MN 46570 




 KM071051 KM070959 KM071239 KM071145 
americana MCN-M 2128 
Brazil: Rio de Janeiro, Campos dos 
Goytacazes (21.72° S, 41.26° W) 
KM071350 KM071054 KM070963 KM071243 
 
americana MZUSP 29202 
Brazil: São Paulo, Cotia, Caucaia do 
Alto, Sítio Até que Enfim (23.53° S, 
46.62° W) 





Brazil: São Paulo, Biritiba Mirim 
(23.58° S, 40.03° W) 




Brazil: São Paulo, Santo André (23.67° 
S, 46.52° W) 




Brazil: Paraná, Wenceslau Brás (23.85° 
S, 49.80° W) 
KM071574 KM071052 KM070960 KM071240 KM071146 
arlindoi ROM 108692 
Guyana: Potaro-Siparuni, Iwokrama 
Reserve, 40 Km SW of Kurupukari, 
Cow Fly Camp (4.33° N, 58.75° W) 
KM071446 KM071066 KM070975 KM071255 KM071160 
arlindoi CM 63511 
Surinam: Saramacca, Raleigh Falls 
(4.73° N, 56.20° W) 
KM071445 AY233781
c
 KM070978 KM071258 KM071163 
arlindoi CM 68359 
Surinam: Nickerie, Kayserberg Airstrip 










arlindoi MPEG 40048 
Brazil: Pará, Alenquer, Grão Pará Sul 
(0.15° S, 55.18° W) 
KM071438 KM071065 KM070974 KM071254 KM071159 
arlindoi MPEG 39810 
Brazil: Pará, Oriximiná, Porto 
Trombetas, Paltô Cipó (1.73° S, 56.62° 
W) 
KM071461 KM071067 KM070976 KM071256 KM071161 
arlindoi IEPA 2850 
Brazil: Pará, Prainha (1.58° S, 53.66° 
W) 







Species Voucher Locality 
Genbank # 
Cytb IRBP BRCA1 OGT SLC38 
brevicaudata EBRG (L-1918) 
Venezuela: Bolívar, Río Caroní, village 
Río Claro (7.92° N, 63.02° W) 
KM071338 KM071073 KM070983 KM071263 
 
brevicaudata ROM 98909 
Guyana: Barima-Waini, Waikerebi 
(7.52° N, 59.38° W) 
KM071469 KM071070 KM070980 KM071260 KM071166 
brevicaudata USNM 568009 
Guyana: Barima-Waini, Baramita, NW 
of airstrip (7.37° N, 60.49° W) 




Brazil: Roraima, Serra da Maroquinha 
(2.62° S, 62.42° W) 
KM071354 KM071071 KM070981 KM071261 KM071167 
brevicaudata INPA (CGB 82) 
Brazil: Amazonas, Barreira, right margin 
Rio Jufari (1.05° S, 62.15° W) 
KM071466 KM071069 KM070979 KM071259 KM071165 
dimidiata MZUSP 30698 
Brazil: São Paulo, São Bernardo do 
Campo, Riacho Grande (23.8° S, 46.58° 
W) 
KM071564 KM071075 KM070985 KM071265 KM071170 
dimidiata MZUSP (1345) 
Brazil: Santa Catarina/Rio Grande do 
Sul, Barragem de Ita (27.28° S, 52.38° 
W) 
KM071388 KM071074 KM070984 KM071264 KM071169 
dimidiata MSB 140307 
Argentina: Santa Fe, Uranga  (33.27° S, 
60.72° W) 
KM071563 KM071077 KM070987 KM071267 KM071172 
dimidiata CNP 3453 
Argentina: Buenos Aires, Campamento 
base, Sierra de la Ventana (38.07° S, 
62.02° W) 
KM071337 KM071076 KM070986 KM071266 KM071171 
domestica AMNH 260024 
Bolivia: Santa Cruz, Tita (18.42° S, 
62.17° W) 
KM071432 KM071083 KM070993 KM071273 KM071178 
domestica MSB 82534 
Paraguay: Concepción, 7 km NE 
Concepción, Escuela Agropecuaria 
(23.36° S, 57.39° W) 
KM071434 KM071084 KM070994 KJ129914
f
 KM071179 
domestica MVZ 197457 
Brazil: Mato Grosso do Sul, Aquidauana 
(20.07° S, 55.65° W) 




Brazil: Goiás, Emas (18.05° S, 52.55° 
W) 







Species Voucher Locality 
Genbank # 
Cytb IRBP BRCA1 OGT SLC38 
domestica MZUSP 35057 
Brazil: Tocantins, Peixe (12.03° S, 
48.54° W) 
KM071425 KM071079 KM070989 KM071269 KM071174 
domestica MZUSP 30552 
Brazil: Piauí, Uruçuí-Una (8.83° S, 
44.17° W) 
KM071411 KM071085 KM070995 KM071274 KM071180 
domestica MZUSP 29471 
Brazil: Ceará, Pacoti, Serra de Batutité, 
Sítio do Zé Carneiro (4.24° S, 38.92° W) 




Brazil: Bahia, Santo Inácio (11.10° S, 
42.73° W) 















emiliae MPEG 40660 Brazil: Pará, Juruti (2.15° S, 56.09° W) KM071603 KM071088 KM070998 KM071277 KM071183 
emiliae MZUSP 35065 
Brazil: Amazonas, Maruim, Rio 
Abacaxis (4.60° S, 58.22° W) 
KM071607 KM071089 KM070999 KM071278 KM071184 
emiliae MZUSP 35058 
Brazil: Mato Grosso, Aripuanã (10.18° 
S, 59.45° W)  
KM071086 KM070996 KM071275 KM071181 
emiliae MVZ 190334 
Brazil: Amazonas, Seringal Condor, left 
margin Rio Juruá (6.75° S, 70.85° W) 
KM071602 KM071087 KM070997 KM071276 KM071182 
emiliae MUSM 13298 
Peru: Loreto, Río Gálvez, Nuevo San 







 KM071279 KM071185 
gardneri USNM 582109 
Peru: Junín, Cordillera Vilcabamba 
(11.55° S, 73.63° W) 
KM071566 KM071091 KM071001 KM071281 KM071187 
gardneri MUSM 13007 
Peru: Junín, Cordillera Vilcabamba, 
camp 2 (11.56° S, 73.64° W) 
KM071565 KM071090 KM071000 KM071280 KM071186 
glirina MPEG 39951 
Brazil: Pará, Canaã dos Carajás, Serra 
do Cristalino (6.41° S, 49.79° W) 
KM071536 KM071093 KM071003 KM071283 KM071189 
glirina MPEG 38974 
Brazil: Pará, Marabá, Serra dos Carajás 
(6.00° S, 50.21° W) 




Brazil: Pará, Ilha de Marajó, Caldeirão 
(0.62° S, 51.05° W) 
KM071375 







Species Voucher Locality 
Genbank # 
Cytb IRBP BRCA1 OGT SLC38 
glirina MPEG 40574 
Brazil: Pará, Itaituba, Floresta Nacional 
do Crepori, Creporizão (6.56° S, 57.00° 
W) 
KM071531 KM071094 KM071004 KM071284 KM071190 
glirina MZUSP 35073 
Brazil: Mato Grosso, Aripuanã (10.18° 
S, 59.45° W) 
KM071547 KM071092 KM071002 KM071282 KM071188 
glirina MVZ 197456 
Brazil: Mato Grosso, Alta Floresta 
(9.60° S, 55.93° W) 
KM071530 KM071096 KM071006 KM071286 KM071192 
glirina UNIR M483 
Brazil: Rondônia, Potosi (9.28° S, 62.9° 
W) 
KM071348 KM071098 KM071008 KM071288 KM071194 
glirina AMNH 262398 
Bolivia: Pando, Santa Rosa (12.22° S, 
68.40° W) 
KM071528 KM071097 KM071007 KM071287 KM071193 
handleyi AMNH 276698 
Peru: Loreto, Requena, Jenaro Herrerra 
(4.87° S, 73.65° W) 
KM071400 KM071099 KM071009 KM071289 
 
handleyi AMNH 276709 
Peru: Loreto, Requena, Jenaro Herrerra 
(4.87° S, 73.65° W) 
KM071399 KM071101 KM071011 KM071291 
 
handleyi AMNH 276704 
Peru: Loreto, Requena, Jenaro Herrerra 
(4.87° S, 73.65° W) 
DQ386631
j
 KM071100 KM071010 KM071290 KM071195 
iheringi MCN-M 2026 
Brazil: Rio de Janeiro, Pacamiri (22.64° 
S, 43.78° W) 




Brazil: São Paulo, Bertioga (23.85° S, 
46.15° W) 
KM071561 KM071102 KM071012 KM071292 KM071196 
kunsi AMNH 263968 
Bolivia: Tarija, Tapecua (21.44° S, 
63.92° W) 




Brazil: Mato Grosso, Querência (12.57° 
S, 52.21° W) 
KM07133 KM071105 KM071015 KM071295 KM071199 
kunsi MZUSP 35059 
Brazil: Tocantins, Peixe (12.03° S, 
48.54° W) 
KM071559 KM071104 KM071014 KM071294 KM071198 
osgoodi AMNH 264922 
Bolivia: Cochabamba, 4.4 km N Tablas 
Monte (17.07° S, 66.01° W) 







Species Voucher Locality 
Genbank # 
Cytb IRBP BRCA1 OGT SLC38 
palliolata AMNH 276508 
Venezuela: Falcón, Serranía de San 
Luís, Cabure, Camino Viejo (11.15° N, 
69.62° W) 
KM071472 KM071108 KM071018 KM071298 KM071202 
palliolata USNM 448518 
Venezuela: Zulia, Misión Tukuko (9.83° 
N, 72.87W) 
KM071473 KM071109 KM071019 KM071299 KM071203 
palliolata KU 123941 
Venezuela: Guárico, 10 km S Calabozo 
(8.85° N, 67.38° W) 
KM071376 
    
peruviana AMNH 272695 
Peru: Loreto, Río Gálvez, Nuevo San 





 KM071303 KM071207 
peruviana USNM 582110 
Peru: Junín, Cordillera Vilcabamba 
(11.55° S, 73.63° W) 
KM071409 KM071111 KM071021 KM071301 KM071205 
peruviana FMNH 172032 
Peru: Cusco, Paucartambo, Pillahuata 
(13.13° S, 71.41° W) 
KM071407 KM071112 KM071023 KM071304 KM071208 
peruviana MVZ 171412 
Peru: Cusco, 72 km NE Paucartambo 
(13.07° S, 71.53° W) 
U34676
k
 KM071110 KM071020 KM071300 KM071204 
peruviana AMNH 264562 
Bolivia: La Paz, Serranía Bella Vista 
(15.68° S, 67.50° W) 
KM071405 
 
KM071022 KM071302 KM071206 
pinocchio MZUSP 30740 
Brazil: São Paulo, São Bernardo do 
Campo, Riacho Grande (23.8° S, 46.58° 
W) 




Brazil: Minas Gerais, Parque Nacional 
do Caparaó (20.41° S, 41.84° W) 




Brazil: Espírito Santo, Parque Nacional 
do Caparaó (20.46° S, 41.73° W) 
KM071557 KM071122 KM071033 KM071314 KM071219 
reigi ROM 114699 
Guyana: Potaro-Siparuni, Mount 
Ayanganna, First Plateau Camp (5.33° 
N, 59.98° W ) 
FJ810210
l
 KM071113 KM071024 KM071305 KM071209 
sanctaerosae AMNH 263548 
Bolivia: Santa Cruz, Santa Rosa de la 
Roca (15.83° S, 61.45° W) 







Species Voucher Locality 
Genbank # 
Cytb IRBP BRCA1 OGT SLC38 
scalops MZUSP 33088 
Brazil: São Paulo, Piedade (23.85° S, 
47.47° W) 
KM071591 KM071118 KM071029 KM071310 KM071214 
scalops MZUSP 30702 
Brazil: São Paulo, São Bernardo do 
Campo, Riacho Grande (23.8° S, 46.58° 
W) 




Brazil: Minas Gerais, Parque Nacional 
do Caparaó (20.41° S, 41.84° W) 
KM071587 KM071119 KM071030 KM071311 KM071216 
scalops MZUSP 31634 
Brazil: Paraná, Ortigueira (24.20° S, 
50.92° W) 
KM071599 KM071115 KM071026 KM071307 KM071211 
scalops CNP (LTU 845) 
Argentina: Misiones, Refugio Moconá  
(27.14° S, 53.89° W) 
KM071345 KM071117 KM071028 KM071309 KM071213 
scalops MVZ 182776 
Brazil: São Paulo, Parque Estadual 
Ilhabela, Ilha de São Sebastião (23.82° 





 KM071320 KM071215 
touan ISEM V-1563 
French Guiana: Cayenne, Camp Tigre 
(4.91° N, 52.29° W) 
KM071519 KM071134 KM071046 KM071328 KM071231 
touan IEPA 913 
Brazil: Amap , Pedra Branca do 
Amapari (1.84° N, 52.74° W) 
KM071517 KM071128 KM071040 KM071322 KM071225 
touan IEPA 1375 
Brazil: Amapá, Laranjal do Jari (0.59° S, 
52.24° W) 
KM071513 KM071127 KM071039 KM071321 KM071224 
touan IEPA 2405 
Brazil: Amapá, Itapeuara (0.49° S, 
52.69° W) 
KM071512 KM071129 KM071041 KM071323 KM071226 
touan MPEG 41553 
Brazil: Pará, Marabá, Floresta Nacional 
de Tapirapé Aquiri, Barragem de 
Rejeitos (5.77° S, 50.51° W) 
KM071475 KM071133 KM071045 KM071327 KM071230 
touan MPEG 41547 
Brazil: Pará, Portel, Floresta Nacional de 
Caxiuanã, Igarapé Caquajó (1.96° S, 
51.62° W) 
KM071498 KM071131 KM071043 KM071325 KM071228 
touan MPEG 40442 Brazil: Pará, Ilha de Marajó, Chaves, 
Fazenda Tauari, baixo rio Cururu (0.43° 







Species Voucher Locality 
Genbank # 
Cytb IRBP BRCA1 OGT SLC38 
S, 49.99° W) 
touan USNM 549280 
Brazil: Pará, 52 km SSW Altamira 
(3.65° S, 52.37° W) 
KM071488 KM071132 KM071044 KM071326 KM071229 
species 2 MPEG 40575 
Brazil: Pará, Itaituba, Floresta Nacional 
do Crepori, Rio das Tropas (6.52° S, 
51.43° W) 
KM071402 KM071124 KM071035 KM071316 KM071221 
species 2 MPEG 38947 
Brazil: Pará, Marabá, Serra dos Carajás 





species 2 MPEG 42956 
Brazil: Pará, Itaituba (6.31° S, 55.78° 
W) 
KM071403 KM071123 KM071034 KM071315 KM071220 
species 2 UNIR M451 
Brazil: Rondônia, Madeflona (9.14° S, 
63.00° W)  
KM071125 KM071037 KM071318 KM071222 
species 3 MN 37830 







   
species 4 MPEG (EC 07) 
Brazil: Amazonas, Urucará, 
Comunidade Marajatuba, left margin 
Rio Negro (2.38° S, 57.64° W) 
KM071463 KM071126 KM071038 KM071319 KM071223 
a 
Sequenced by Solari (2010). 
b 
Sequenced by Caramaschi et al. (2011). 
c 
Sequenced by Voss & Jansa (2003). 
d 
Sequenced by Gutierrez et al. (2010). 
e 
Sequenced by Voss & Jansa (2009). 
f 
Sequenced by Giarla & Jansa (2014). 
g 
Sequenced by Nilsson et al. (2003). 
h 
Sequenced by Mikkelsen et al. (2007). 
i 
Sequenced by Jansa & Voss (2000). 
j 
Sequenced by Solari (2007). 
k 
Sequenced by Patton et al. (1996). 
l 
Sequenced by Lim et al. (2010). 
m 







TABLE S1.2. List of outgroup sequences used for this study. Genbank accession numbers starting with “KM” were sequenced by 
Pavan et al. (2014). 
Species Voucher 
Genbank # 
Cytb IRBP BRCA1 OGT SLC38 













 KM071232 KM071135 















 KM071234 KM071140 
Marmosa murina  USNM 549291 HM106394
d
  KM070953 KM071233 KM071137 
Marmosa murina  CM 68346  AY233772
e
    
Marmosops impavidus ROM 116281     KM071138 
















Metachirus nudicaudatus MVZ 182772     KM071139 
Phylander opossum CM 76743 KU508546f AY233789e FJ159314b KU508547f KU508548f 





















Sequenced by Jansa & Voss (2000). 
b 
Sequenced by Voss & Jansa (2009). 
c 
Sequenced by Giarla & Jansa (2014). 
d 
Sequenced by Gutierrez et al. (2010). 
e 
Sequenced by Voss & Jansa (2003). 
f 
Sequenced for this study. 
g 
Sequenced by Giarla et al. (2010). 
h 
Sequenced by Voss et al. (2005).
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SUPPORTING INFORMATION, APPENDIX S2 
 
Methods and results of species-tree inference 
To assess the sensitivity of our biogeographical inference to different phylogenetic 
methods, we computed a coalescent “species tree” (using *BEAST; Heled & Drummond, 
2010) using the same sequence data that we used for the concatenated-data analysis 
described in Materials and Methods. We specified substitution models for each partition 
as determined by PARTITION FINDER 1.0.1 (Lanfear et al., 2012) under the setting 
“modes=MrBayes”. A Yule speciation model was used as tree prior, following an 
exponential distribution with a mean of 1.0. We specified a lognormal relaxed clock for 
each partition, with mean rate variation following an exponential distribution with mean 
= 0.1 and standard deviation = 0.33. We did not use prior information to calibrate the 
species tree. 
As for the concatenated-data analysis, we assessed proper Markov chain mixing and 
convergence by examining effective sample sizes and trace diagrams in TRACER 1.5 
(Rambaut & Drummond, 2007). We performed two runs of 1 x 10
8
 generations of 
MCMC searches sampling every 10000 generations, and discarded the first 10% of the 
sampling trees and estimated parameters as burn-in. The maximum clade credibility tree 
was constructed from the posterior sample of trees using TREEANNOTATOR 1.8.0 
(Drummond & Rambaut, 2007). 
We conducted ancestral-range estimations using the species tree from our *BEAST 
analyses, and compared the same biogeographical models and scenarios (described in 
Material and Methods) that we compared using the concatenated-data phylogeny. 
As in our model-fitting with the concatenated-data tree, j models consistently 
outperformed analogous non-j models, and DECj (Dispersal-extinction cladogenesis plus 
founder-event speciation) provided the best statistical fit to our data under both 
unconstrained and constrained occupancy scenarios. Because the constrained and 
unconstrained DECj models were also recovered as equivalent in terms of Kullback–
Leibler discrepancy, we illustrate the most-probable scenario based on the set of ancestral 





FIGURE S2.1. The most probable biogeographical scenario for Monodelphis based on 
the set of ancestral distributions that received the highest likelihood in both the 
constrained- and unconstrained-occupancy DECj analyses using the species tree. Colours 
in the key boxes and map correspond to colourings of internal nodes and terminal taxa. 
Asterisks at nodes and arrows along branches of the tree indicate, respectively, implied 
vicariant and dispersal events associated with cladogenesis. Posterior probabilities are 





SUPPORTING INFORMATION, APPENDIX S3 
Ancestral ranges for Monodelphis inferred by both constrained and unconstrained 
DECj models using the concatenated-data phylogeny. 
 
 
FIGURE S3.1. Ancestral ranges for Monodelphis estimated by DECj with constrained 
occupancy. Pie charts at internal nodes on tree represent relative probabilities of ancestral 
ranges. Colours in key boxes and map correspond to colouring of internal tree nodes and 
terminal taxa. Asterisks and arrows indicate, respectively, implied vicariant and dispersal 
events associated with cladogenesis. All states with ≥10% probability are shown. Black-





FIGURE S3.2. Ancestral ranges for Monodelphis estimated by DECj with unconstrained 
occupancy. Pie charts at internal nodes on tree represent relative probabilities of ancestral 
ranges. Colours in key boxes and map correspond to colouring of internal tree nodes and 
terminal taxa. Asterisks and arrows indicate, respectively, implied vicariant and dispersal 
events associated with cladogenesis. All states with ≥10% probability are shown. Black-
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Species currently referred to the genus Monodelphis have been historically 
recognized in a number of species groups based primarily on patterns of pelage 
coloration. Such informal subdivisions are inconsistent among authors, and have 
contributed little but confusion to the taxonomic history of the genus. Recent molecular 
phylogenetic studies based on dense taxonomic sampling and multiple genes have 
consistently recovered several strongly supported multi-species clades within 
Monodelphis. Here we define and illustrate morphological characters that are useful for 
recognizing these monophyletic groups, and formally arrange them in five subgenera: 
Monodelphis Burnett, 1830 (for M. arlindoi,  M. brevicaudata, M domestica, M. glirina, 
M. palliolata, M. sanctarosae, and touan); Microdelphys Burmeister, 1856  (for M. 
americana, M. gardneri, M. iheringi, and M. scallops); Monodelphiops Matschie, 1916 
(for dimidiata and unistriata); Mygalodelphys, new subgenus (for M. adusta, M. handleyi, 
M. kunsi, M. osgoodi, M. peruviana, M. pinocchio, M. reigi, and M. ronaldi); and 
Pyrodelphys, new subgenus (for M. emiliae). We provide morphological diagnosis, 
comparisons, and summarize subgeneric patterns of geographical distribution and 




Monodelphis Burnett, 1830 is the most speciose genus of didelphid marsupials, 
with 22 currently recognized Recent species (Pavan et al., 2014; Pavan, 2015). Insofar as 
known, species of Monodelphis are terrestrial or semi-fossorial, 
insectivorous/carnivorous opossums that exhibit conspicuous variation in pelage 
coloration patterns (fig. 1), behavior (diurnality and nocturnality; Streilein, 1982a; 
Emmons and Feer, 1997) and reproductive strategies (semelparity and iteoparity; 
Streilein, 1982b; Pine et al., 1985). Unlike most other didelphid genera, which are 
restricted to either humid forest or savanna-like habitats, Monodelphis inhabits a wide 
range of environments, including lowland rain forest, dry forest, montane forest, and 
savannas (Pine and Handley, 2008; Voss and Jansa, 2009).  
To date there has been no comprehensive revision of the genus, and most relevant 
taxonomic publications have treated single species or species complexes (Pine, 1975, 
1976, 1977; Pine, 1979; Pine and Handley, 1984; Pine et al., 1985; Ventura et al., 1998; 
Lemos et al., 2000; Voss et al., 2001; Lew and Pérez-Hernández, 2004; Solari, 2004; Lew 
et al., 2005; Solari, 2007; Vilela et al., 2010; Pavan et al., 2012; Solari et al., 2012; Voss 
et al., 2012; Pavan, 2015). The most inclusive morphology-based revisionary study 
(Gomes, 1991, unpublished work) was exclusively based on Brazilian specimens and 
remains unpublished. 
Historically, a number of species groups of Monodelphis have been recognized 
informally, primarily based on pelage markings (Matschie, 1916; Gilmore, 1941; Pine, 
1976). However, such morphology-based subdivisions have contributed little but 
taxonomic confusion (Pine et al., 2013), and none is convincingly supported by character 
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data. By contrast, recent molecular phylogenetic studies based on dense taxonomic 
sampling and multiple unlinked genes (Pavan et al., 2014; Vilela et al., 2015; Pavan et al., 
2016) have consistently recovered several robustly supported multi-species clades within 
Monodelphis (table 1), and morphological studies (Voss et al., 2012; Pavan, 2015) 
suggest that at least some of the groups recovered by molecular phylogenetic research are 
morphologically diagnosable. 
Unfortunately, informal nomenclature for these clades is not sufficient for the 
purposes of biological communication. For example, the monophyletic group that Pavan 
et al. (2014) called “Clade E” corresponds to the “Adusta Group” of Pavan et al. (2016) 
and to the combined “adusta complex” and “kunsi complex” of Vilela et al. (2015). 
Formally diagnosing and naming such groups has the advantage that usage is constrained  
by typification and priority according to widely accepted rules (ICZN, 1999), and ranking 
them as subgenera promotes stability by preserving long-established binomial 
combinations.   
In this report we define and illustrate morphological characters that are useful for 
recognizing and diagnosing the monophyletic groups previously established by molecular 
research. These results provide the materials for a formal subgeneric classification, which 
we intend to serve as the basis for future revisionary research at the species level. 
Additionally, we summarize subgeneric patterns of distribution and sympatry consistent 




MATERIAL AND METHODS 
SOURCE OF MATERIAL: Specimens listed in this report are deposited in the 
following collections: AMNH (American Museum of Natural History, New York, USA); 
ANSP (Academy of Natural Sciences of Drexel University, Philadelphia, USA); BMNH 
(Natural History Museum, London, UK); CBF (Colección Boliviana de Fauna, La Paz, 
Bolivia); CM (Carnegie Museum of Natural History, Pittsburgh, USA); CNP (Centro 
Nacional Patagónico, Puerto Madryn, Argentina); EBRG (Museo de la Estación 
Biológica de Rancho Grande, Maracay, Venezuela); FMNH (Field Museum, Chicago, 
USA); IEPA (Instituto de Pesquisas Científicas e Tecnológicas do Estado do Amapá, 
Macapá, Brazil); INPA (Instituto Nacional de Pesquisas da Amazônia, Manaus, Brazil); 
ISEM (Institut des Sciences de l’Evolution, Montpellier, France); KU (Biodiversity 
Research Center, University of Kansas, Lawrence, USA); LZUFPI (Laboratório de 
Zoologia Prof. Antônio J. Dumbra, Universidade Federal do Piauí, Teresina, Brazil); 
MACN-Ma (Colección de Mamíferos del Museo Argentino de Ciencias Naturales 
“Bernardino Rivadavia”, Buenos Aires, Argentina); MBML (Museu de Biologia Melo 
Leitão, Santa Teresa, Brazil); MCN-M (Coleção de Mamíferos, Museu de Ciências 
Naturais PUC Minas, Belo Horizonte, Brazil); MCZ (Museum of Comparative Zoology, 
Harvard University, Cambridge, USA); MHNCI (Museu de História Natural Capão da 
Imbuia, Curitiba, Brazil); MN (Museu Nacional, Universidade Federal do Rio de Janeiro, 
Rio de Janeiro, Brazil); MPEG (Museu Paraense Emílio Goeldi, Belém, Brazil); MSB 
(Museum of Southwestern Biology, University of New Mexico, Albuquerque, USA); 
MSU (Michigan State University, Michigan, USA); MUSM (Museo de Historia Natural 
de la Universidad Nacional Mayor de San Marcos, Lima, Peru); MVZ (Museum of 
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Vertebrate Zoology, University of California, Berkeley, USA); MZUSP (Museu de 
Zoologia da Universidade de São Paulo, São Paulo, Brazil); NMW (Naturhistorisches 
Museum Wien, Vienna, Austria); OMNH (Sam Noble Oklahoma Museum of Natural 
History, Oklahoma, USA); ROM (Royal Ontario Museum, Toronto, Canada); TTU 
(Museum of Texas Tech University, Lubbock, USA); UEMA (Universidade Estadual do 
Maranhão, São Luís, Brazil); UFES (Universidade Federal do Espírito Santo, Vitória, 
Brazil); UFMG (Universidade Federal de Minas Gerais, Belo Horizonte, Brazil); UFPA 
(Universidade Federal do Pará, Belém, Brazil); UFSC (Universidade Federal de Santa 
Catarina, Florianópolis, Brazil); USNM (National Museum of Natural History, 
Smithsonian Institution, Washington, USA); ZMB (Zoologisches Museum Berlin, Berlin, 
Germany).  
Uncatalogued material is identified by the acronym of the museum where it is 
currently housed followed by field numbers with the following prefixes: AB = A.A. 
Bueno (Fundação para Conservação e P. Florestal, São Paulo, Brazil); AN = A. Nunes; 
APC = A.P. Carmignoto (Universidade Federal de São Carlos, Brazil); BDP = B.D. 
Patterson (FMNH); CGB = C.G. Bantel (INPA); CEG = C.E. Grelle (Universidade 
Federal do Rio de Janeiro [UFRJ], Brazil); JFV = J.F. Vilela (FMNH); LHE = L. H. 
Emmons (USNM); LPC = L.P. Costa (UFES); MTR = M.T. Rodrigues (Departamento de 
Zoologia, Instituto de Biociências, Universidade de São Paulo, Brazil); PHA = P.H. 
Asfora (UFPE). 
The prefixes ABA, ARP, CB, EDH, IT-M, PEU, PNSC, RL, SAPO, StoAn, and 
UNIBAN and the unprefixed numeral “1704” correspond to field series of the MZUSP; 
JUR, MBA, TF, TGP corresponds to a field series at the MPEG; the prefix A corresponds 
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to a field series at the MN; LTU is a field series prefix at the CNP; MAM and RBDB are 
field series at the UFES; masto 213 corresponds to a field series at the MACN-Ma; the 
prefixes LFS and RM, and the unprefixed numeral “20”, “34”, “245–247”, “331”, and 
“364”, correspond to field series of the UFMG. 
TAXON SAMPLING: We analyzed >2000 specimens of Monodelphis for this study, 
including representative material of all of the 22 species currently recognized as valid, 
together with three number-designated undescribed forms discussed by Pavan et al. 
(2014). Among the specimens we analyzed for morphology are 280 specimens of 22 
species that were included in previous DNA-based phylogenetic studies. A list of the 
material examined is provided in Appendix I. 
ANATOMICAL TERMINOLOGY: Descriptive terminology that we used to describe 
external and craniodental morphology in this report follows Archer (1976), Cope (1880), 
Gregory (1910), Wible (2003) and Voss and Jansa (2003, 2009).   
AGE CRITERIA: Specimens were classified in dental ages following criteria 
described in Pavan et al. (2012). Specimens were considered juvenile if M4 was not 
present, subadult if M4 was present but still incompletely erupted,
1
 and adult if M4 was 
completely erupted. Adult specimens with only incipient wear on M3 and M4 (cristae 
unworn or with very narrow and discontinuous strips of exposed dentine) were 
considered young adults. Those with light wear on M3 and M4 (dentine narrowly 
exposed on M3 cristae and very narrowly exposed on M4 cristae) were considered full 
adults, and those with conspicuous wear on M3/M4 (dentine broadly exposed on M3 
cristae and narrowly to broadly exposed on M4 cristae) were considered old adults. 
                                                        
1
 Eruption of M4 and P3 are usually simultaneous in Monodelphis, so subadults by this 
definition (with incompletely erupted M4) usually also have incompletely erupted P3. 
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QUALITATIVE CHARACTERS: We examined skulls, skins, and fluid-preserved 
material for taxonomic variation in qualitative morphological characters. Surveyed 
characters include those previously described in the literature (e.g., Thomas, 1888b; Pine, 
1975; Pine and Handley, 1984; Voss et al., 2001; Voss and Jansa, 2003; Lew and Pérez-
Hernández, 2004; Solari, 2004, 2007; Pine and Handley, 2008; Voss and Jansa, 2009; 
Pavan et al., 2012; Voss et al., 2012; Pine et al., 2013; Duda and Costa, 2015; Pavan, 
2015) and others first reported herein. We took particular care to record character data 
from voucher specimens sequenced for molecular-phylogenetic studies (Appendix I) to 
assess the phenotypic distinctness of recovered clades, and to provide a basis for 
comparisons with holotypes and other unsequenced material. We recorded the sex and 
age of each specimen to evaluate qualitative characters for sexual dimorphism and 






DORSAL COLOR PATTERN: The dorsal body pelage of Monodelphis can be either 
uniformly colored (unpatterned), or distinctively marked (fig. 1). Unpatterned dorsal 
pelage, lacking any abrupt color transition, is observed in M. domestica, M. sanctarosae, 
some specimens of M. brevicaudata from NW Guiana and NE Venezuela, some old adult 
male specimens of M. americana, and all species of the Adusta Group. By contrast, a 
grizzled-grayish or -brownish middorsum contrasting with clear (ungrizzled) yellowish, 
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orange, or reddish flanks is exhibited by M. dimidiata and by most species of the 
Brevicaudata Group, whereas a grayish midbody contrasting with reddish head and rump 
is seen in M. emiliae and in adult male specimens of M. scalops. A fourth dorsal pelage 
phenotype, consisting of dark longitudinal stripes, characterizes juveniles and females of 
M. scalops and most age-sex classes of species in the Americana Group (old adult males 
of M. americana are the exception; see above).  Clear yellowish or orange flanks with a 
grizzled-brownish or -grayish middorsum that contrast with a dark median longitudinal 
stripe (Pine et al., 2013: fig. 1) is apparently unique to M. unistriata. 
 VENTRAL PELAGE MARKINGS: Most species of Monodelphis have uniformly 
colored underparts (fig. 2B, C) that usually consist of hairs that are grayish basally and 
variously colored distally (with e.g., with brownish, reddish, whitish tips).  Some species, 
however, have self-whitish midventral markings (comprising hairs that are whitish from 
root to tip) that contrast abruptly with the darker (usually brownish or greyish) coloration 
of the surrounding ventral pelage. Such markings were observed uniquely on species of 
the Adusta Group (e.g., M. handleyi; fig. 2A). 
MAMMAE: Mammae exhibit greater taxonomic variation in Monodelphis than in 
any other didelphid genus, encompassing the entire range of morphologies previously 
reported for the family as a whole. Observed mammary formulae (defined by Voss and 
Jansa, 2009: 23) range from 2–0–2 = 4 (in M. peruviana) to 13–1–13 = 27 (in M. 
dimidiata). Lower mammary counts (of nine or fewer mammae) include only abdominal-
inguinal teats, but higher counts (≥ 13 mammae in this study) include both abdominal-
inguinal and pectoral teats. Mammary morphology could not be determined for several 
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species known only from adult males, or for which we did not analyze females with 
apparent teats. 
PEDAL THENAR PAD: The plantar (ventral) surface of the hind foot of most 
plantigrade therian mammals includes two tarsal and four interdigital pads (Brown and 
Yalden, 1973). Of these, the thenar (medial tarsal) and first interdigital pad are clearly 
separated from one other in most species of Monodelphis (e.g., M. americana; fig. 3B), 
but in M. emiliae the thenar and first interdigital pad are either fused or in contact (fig. 
3A). 
PEDAL HYPOTHENAR PAD: The hypothenar (lateral tarsal) pad on the hind foot is 
usually absent or vestigial in several species of Monodelphis, including M. americana, M. 
scalops (fig. 3C), M. dimidiata, and species of the Brevicaudata Group. By contrast, a 
small but distinct hypothenar pad is consistently present in members of the Adusta Group, 
M. iheringi (fig. 3D) and M. emiliae. 
EXTENSION OF BODY PELAGE ONTO TAIL: In most species of Monodelphis the body 
pelage (comprising soft underfur and long guard hairs) extends onto the tail farther 
dorsally than ventrally (e.g., in M. arlindoi), or it extends to about the same extent 
dorsally and ventrally (e.g., in M. palliolata). By contrast, although the tail base seems 
almost completely unfurred in species of the Adusta Group, close inspection reveals that 
body pelage uniquely extends onto the tail farther ventrally than dorsally (e.g., M. 
handleyi). 
CAUDAL SCALE PATTERN: In most species of Monodelphis the scales that encircle 
the tail are arranged in predominantly annular series, but some species have caudal scales 
arranged in spiral series. The annular pattern was observed in M. emiliae and species of 
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the Americana and Brevicaudata groups (e.g., M. glirina; fig. 4A), whereas examined 
specimens of M. dimidiata (fig. 4B) and M. unistriata have caudal scales that are 
arranged in unambiguously spiral series. Tail scales are small and often inapparent in 
species of the Adusta Group, where some species seems to have scales arranged in both 
annular and spiral series (e.g., M. adusta) and others have scales that are mostly in spiral 




INFRAORBITAL FORAMEN: The infraorbital foramen varies taxonomically in its 
position with respect to the maxillary dentition. In some species this foramen is dorsal to 
M1 (e.g., in M. adusta; fig. 5A), while in others it is dorsal to P3 (e.g., in M. unistriata; 
fig. 5B) or to the P3/M1 commisure. Quite variable in some species, this character is 
conservative in others, and in combination with other characters it is useful for 
diagnosing higher taxa. For example, the infraorbital foramen is usually dorsal to M1 in 
the Adusta and Americana groups, but it is often dorsal to P3 among members of the 
Brevicaudata Group.  
FRONTAL PROCESS OF JUGAL: In most species of Monodelphis the frontal process 
of jugal is higher than the zygomatic process of squamosal. Among those, in M. emiliae, 
M. dimidiata and in species of the Brevicaudata Group, the frontal process of jugal is 
smoothly rounded (fig. 6A), while in M. scalops and species of the Americana Group, the 
frontal process of jugal is acutely pointed (e.g., M. gardneri; fig. 6C). A third condition is 
observed in species of the Adusta Group, where the zygomatic arch is homogeneously 
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low, with the frontal process of jugal as high as or lower than—but not higher than—the 
zygomatic process of squamosal (e.g., in M. peruviana; fig. 6B). 
PARIETAL/MASTOID CONTACT:  The parietal is usually in contact with the mastoid 
in Monodelphis because the interparietal does not extend laterally to contact the 
squamosal (fig. 7A). In species of the Adusta Group, however, the interparietal 
consistently extends laterally to reach the squamosal and, as a result, the parietal is not in 
contact with the mastoid (fig. 7B). In M. pinocchio the interparietal is absent in all 
specimens analyzed but the parietal does not contacts the mastoid because the 
supraoccipital is in contact with the squamosal. 
INCISIVE FORAMINA: The length of the incisive foramina exhibit modest 
taxonomic variation in Monodelphis. We distinguish “long” and “short” incisive 
foramina based on their posterior endpoints in relation to the Canines. In M. dimidiata 
and M. unistriata, for example, the incisive foramina are notably short, extending from 
the level of I3 or I4 to a point between the left and right paracanine fossae or just to—but 
not appreciably between—the canines (fig. 8A). In most other species the incisive 
foramina are long, extending posteriorly between the canines (fig. 8B–C). 
MAXILLOPALATINE FENESTRAE: For diagnostic purposes we distinguish “long” 
and “short” maxillopalatine fenestrae based on their anterior and posterior endpoints in 
relation to adjacent maxillary teeth. In species with long maxillopalatine fenestrae, these 
openings extend from P3 or P3/M1 commissure to M3 (e.g., M. americana, M. 
pinocchio; fig. 8B–C). By contrast, in species with short maxillopalatine fenestrae, these 




SIZE OF SPHENORBITAL FISSURE/ BASISPHENOID EXPOSURE: The sphenorbital 
fissure is a lateral opening onto the orbital floor, bordered medially by the orbitosphenoid, 
laterally by the alisphenoid, and ventrally by the presphenoid and basisphenoid. In most 
species of Monodelphis the sphenorbital fissure is large, exposing the basispheniod to 
lateral view (e.g., in M. americana; fig. 9A). In other species, however, the sphenorbital 
fissure is consistently small because its lateral (alisphenoid) margin is produced 
anteriorly, effectively concealing the basisphenoid in lateral view (e.g., in M. handleyi; 
fig. 9B). Although the marsupial sphenorbital fissure transmits several nerves and blood 
vessels (Wible, 2003: 182), we conjecture that the small size of this opening (in 
Monodelphis species with laterally concealed basisphenoids) is correlated with a smaller 
optic nerve and ophthalmic blood supply in small-eyed taxa.  
A small sphenorbital fissure and laterally concealed basisphenoid are consistently 
exhibited only by members of the Adusta Group, whereas members of the Americana 
Group, Monodelphis scalops, and M. emiliae consistently have a large sphenorbital 
fissure and a basisphenoid that is widely exposed to lateral view. Most members of the 
Brevicaudata Group also have a relatively large sphenorbital fissure that exposes part of 
the basispheniod in lateral view, as do most specimens of M. dimidiata. 
INFRATEMPORAL CREST OF ALISPHENOID: An infratemporal crest demarcating the 
lateral and the ventrolateral faces of the alisphenoid is observed in several species of 
Monodelphis, mainly in old adult specimens (e.g., in M. touan; fig. 10A). A distinct crest 
is commonly present in species of the Brevicaudata Group (even young adults in this 
group may exhibit it), and it is also observed in old adult specimens of M. emiliae and M. 
dimidiata. No distinct infratemporal crest was observed in members of the Americana 
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Group (e.g., M. americana; fig. 10B) or in M. scalops. Among members of the Adusta 
Group, the infratemporal crest is present in some species (e.g., M. handleyi) and absent in 
others (e.g., M. pinocchio). 
SECONDARY FORAMEN OVALE: In most species of Monodelphis, the extracranial 
course of mandibular nerve is not enclosed by bone, and a secondary foramen ovale 
(sensu Voss and Jansa, 2003) is absent; M. glirina exemplifies this morphology (fig. 
11A). By contrast, in M. americana and M. scalops the extracranial course of mandibular 
nerve is consistently enclosed by an anteromedial bullar lamina that forms a secondary 
foramen ovale (fig. 11B). Monodelphis emiliae is polymorphic for this character. 
TYMPANIC WING OF ALISPHENOID: The morphology of the auditory bulla is quite 
variable and taxonomically informative within Monodelphis. As in many other small 
didelphids, the middle ear cavity of Monodelphis is partially enclosed anteriorly by a cup-
shaped tympanic process (or “wing”) of the alisphenoid and, posteriorly, by the rostral 
tympanic process of the petrosal. Species in the Adusta and Brevicaudata groups have a 
small alisphenoid tympanic wing that is separated by a wide gap from the rostral 
tympanic process. In these species, the gap between the alisphenoid tympanic wing and 
the rostral tympanic process is approximately equal to or greater than the length 
(anteroposterior dimension) of the alisphenoid tympanic wing (fig. 11A). By contrast, 
members of the Americana Group, M. scalops, and M. emiliae have a large alisphenoid 
tympanic process that is narrowly separated from the rostral tympanic process. In the 
latter species, the gap between the alisphenoid tympanic wing and the rostral tympanic 
process of the petrosal is equal to about half the length of the alisphenoid tympanic wing 
or less (fig. 11B).  
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M. dimidiata is polymorphic for this character. Most specimens of exhibit a twa 
of an intermediate size, the gap between the twa and the rtp is slightly smaller or similar 
in size to the twa, but some specimens exhibit a smaller twa with a longer gap. 
ANTERIOR PROCESS OF MALLEUS: Other aspects of auditory morphology are 
correlated with size of the alisphenoid tympanic wing as defined above but seem usefully 
described as distinct characters. Among other correlated traits, in species with a small 
alisphenoid tympanic wing, the tip of the anterior process of the malleus is exposed on 
the outer surface of the bulla between the ectotympanic and the alisphenoid (adjacent to 
the glasserian fissure; fig. 12A), whereas in species with a large alisphenoid tympanic 
wing the anterior process of the malleus is not exposed on the outside of the bulla (e.g., in 
M. scalops; fig. 12B). Monodelphis dimidiata is polymorphic for this character. 
ROSTRAL TYMPANIC PROCESS OF PETROSAL: Another auditory feature correlated 
with bullar size is the shape of the rostral tympanic process. In species of Monodelphis 
with a small alisphenoid tympanic wing, the rostral tympanic process is narrow and 
more-or-less triangular, and it does not conceal the fenestra cochleae in ventral view (fig. 
11A). By contrast, in species with a large alisphenoid tympanic wing, the rostral 
tympanic process is rounded and broad, usually concealing the fenestra cochleae in 
ventral view (fig. 11B). As in for the preceding character, M. dimidiata exhibits an 
intermediate condition in which the rostral tympanic process tends to be roughly 
triangular but broad, partially concealing the fenestra cochleae. 
STAPES: The stapes, the intermost bone of the ossicular chain, is usually 
columelliform (more-or-less rodlike) and imperforate or microperforate in most species 
of Monodelphis. Members of the Brevicaudata Group, however, have a triangular or 
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subtriangular stapes with a large obturator foramen for the stapedial artery (Wible, 2003: 
fig. 6). 
SIZE OF SUBSQUAMOSAL FORAMEN: The subsquamosal foramen
2
 is usually large in 
Monodelphis, a condition that we define as being substantially wider than the squamosal 
strut which separates this opening from the postglenoid foramen. In M. emiliae, however, 
the subsquamosal foramen is smaller, either narrower or similar in width to the bone that 
separates it from the postglenoid foramen. 
ANTERIOR CINGULID OF LOWER MOLARS: The anterior cingulids of the lower 
molars are broad, well-developed shelves in most species of Monodelphis. In such 
species, the anterior cingulids of m2 and m3 extend labial to or level with the hypoconids 
of the preceding teeth (m1 and m2, respectively; fig. 13A–D). By contrast, in species of 
the Adusta Group, the anterior cingulids are substantially narrower; on m2 and m3 they 
are unambiguously lingual to the hypoconids of m1 and m2, respectively (fig. 13E–F). 
MORPHOLOGY OF DP3: In most species of Monodelphis (e.g., M. dimidiata, M. 
emiliae, M. scalops, members of the Americana Group, and most members of the Adusta 
Group) the lower milk premolar (dp3) is a narrow, only partially molariform tooth, 
usually with an incomplete (bicuspid) trigonid and a minimally differentiated anterior 
cingulid (fig. 13A, C–E). By contrast, in M. handleyi and species of the Brevicaudata 
Group, dp3 is robust and fully molariform, usually with a complete (tricuspid) trigonid 
and a well-developed anterior cingulid (fig. 16B, F). 
                                                        
2
 Our use of the term “subsquamosal foramen” is consistent with its original definition 
(Cope, 1880) and with well-established anatomical usage in the marsupial literature (e.g., 




ENTOCONID OF m1–m3: The entoconid is consistently much smaller in 
Monodelphis than it is in most other didelphids, in which this lingual cusp is 
approximately as tall as the hypoconid (on the labial side of the talonoid basin) and much 
exceeds the adjacent hypoconulid in height (Voss and Jansa, 2003: fig. 14). Nevertheless, 
we observed noteworthy taxonomic variation in entoconid size among species of 
Monodelphis by carefully comparing unworn lower dentitions. In most species of 
Monodelphis the entoconid of m1–m3 is a distinct cusp that is about as tall or taller than 
the hypoconulid (e.g., in M. scalops; fig. 14A), but in species of the Adusta Group the 
entoconid is indistinct or very small (shorter than the adjacent hypoconulid; e.g., in M. 






Genus Monodelphis Burnett, 1830 
 
TYPE SPECIES: Monodelphis brevicaudata (Erxleben, 1777). 




: Combined length of adult head and body 63–197 mm; adult weight 
8–150 g. Rhinarium with one ventrolateral groove on each side of median sulcus; dark 
circumocular mask absent; pale supraocular spot absent; throat gland present in adult 
males of most species but apparently polymorphic in some (e.g., M. americana) and 
absent in M. gardneri. Dorsal pelage coloration highly variable, but dorsal hair bases 
always dark gray; dorsal guard hairs short and inconspicuous; ventral fur self-colored or 
gray-based, highly variable in surface pigmentation. Manus mesaxonic (dIII > dIV); 
manual claws very long, extending well beyond fleshy apical pads of digits; 
dermatoglyph-bearing manual plantar pads present, but pads small and dermatoglyphs 
sometimes indistinct; central palmar epithelium smooth or tuberculate; carpal tubercles 
absent in both sexes. Pedal digits unwebbed; pedal digit III longer than digit IV; plantar 
surface of heel naked. Pouch absent; mammae 2–0–2 = 4 (all abdominal-inguinal; e.g., in 
M. peruviana) to 13–1–13 = 27 (including pectoral teats; e.g., in M. dimidiata); cloaca 
present. Tail much shorter than combined length of head and body; thick but muscular, 
                                                        
3
 After Voss and Jansa (2009:105–107), but modified to accommodate additional 
variation observed in several species not analyzed by that study. 
 
 150 
not incrassate; extension of body fur on tail varies among included species; unfurred 
caudal surfaces covered with macroscopic bristlelike hairs, not naked-appearing; caudal 
scales often inapparent, either in annular series (e.g., in M. emiliae), or in spiral series 
(e.g., in M. dimidiata); relationship between caudal scales and hairs usually obscure, but 
subequal hairs usually arranged in triplets; ventral caudal surface not modified for 
prehension. 
Premaxillary rostral process absent. Nasals long, extending anteriorly above or 
beyond I1 (concealing nasal orifice from dorsal view), and conspicuously widened 
posteriorly near maxillary-frontal suture. Maxillary turbinals (viewed through the nasal 
orifice) simple or sparsely ornamented scrolls, not elaborately branched. Lacrimal 
foramina (from one to three on each side, usually two) prominently exposed on orbital 
margin (e.g., in M. scalops) or concealed from lateral view inside the anterior orbital 
margin (e.g., in M. handleyi). Orbits small, orbitotemporal region usually without 
conspicuous constrictions, except by some old adult males; supraorbital margins 
smoothly rounded, without beads or distinct postorbital processes (e.g., in M. peruviana), 
or with with small but distinct postorbital processes in old adult males (e.g., in M. 
americana). Parietal and alisphenoid in contact on lateral braincase (no frontal-squamosal 
contact). Sagittal crest absent (e.g., in M. adusta), or variously developed (e.g., extending 
to frontals in old male specimens of M. dimidiata). Petrosal not exposed laterally through 
fenestra in parietal-squamosal suture (fenestra absent). Parietal-mastoid contact present 
(interparietal does not contact squamosal; e.g., in M. americana) or absent (interparietal 
contacts squamosal; e.g., in M. handleyi). Maxillopalatine fenestrae present; palatine 
fenestrae present or absent; maxillary fenestrae absent; posterolateral palatal foramina 
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usually small (but large and extending anteriorly between M4 protocones in M. 
sanctarosae); posterior palatal morphology conforms to Didelphis morphotype (with 
moderately well-developed lateral corners, the choanae somewhat constricted behind). 
Maxillary and alisphenoid in contact on floor of orbit (not separated by palatine). 
Transverse canal foramen present. Alisphenoid tympanic process smoothly globular; 
anteromedial lamina forming secondary foramen ovale present in some species (e.g., M. 
scalops) or lamina and secondary foramen ovale absent (e.g., in M. iheringi). Anterior 
limb of ectotympanic suspended directly from basicranium. Stapes triangular with large 
obturator foramen (e.g., in M. touan), or columellar and microperforate or imperforate 
(e.g., in M. osgoodi). Fenestra cochleae exposed (e.g., in M. pinocchio) or concealed in 
sinus formed by rostral and caudal tympanic processes of petrosal (e.g., in M. emiliae). 
Paroccipital process small and adnate to petrosal. Dorsal margin of foramen magnum 
bordered by supraoccipital and exoccipitals, incisura occipitalis present.  
Two mental foramina present on lateral surface of each hemimandible; angular 
process acute and strongly inflected.  
Unworn crowns of I2–I5 symmetrically rhomboidal (‘‘premolariform’’), with 
subequal anterior and posterior cutting edges; I5 wider (mesiodistal dimension) than I2 
(e.g., in M. scalops) or I5 and I2 of similar width (e.g., in M. kunsi). Upper canine (C1) 
alveolus in premaxillary-maxillary suture; C1 simple (without accessory cusps; e.g., in M. 
dimidiata) or C1 with small posterior accessory cusp sometimes present (e.g., in M. 
peruviana). 
First upper premolar (P1) smaller than posterior premolars but well formed and 
not vestigial; third upper premolar (P3) taller than P2 (e.g., in M. domestica) or P2 and P3 
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subequal in height (e.g., in M. sanctarosae); P3 with posterior cutting edge only; upper 
milk premolar (dP3) large and molariform. Molars highly carnassialized (postmetacristae 
much longer than postprotocristae); relative widths consistently M1 < M2 < M3 < M4; 
centrocrista strongly inflected labially on M1–M3; ectoflexus shallow on M1, deeper on 
M2, and consistently deep on M3; anterolabial cingulum and preprotocrista discontinuous 
(anterior cingulum incomplete) on M3. Last upper tooth to erupt is P3 in some species 
(e.g., M. peruviana), or P3 and M4 erupt simultaneously (e.g., in M. arlindoi).  
Lower incisors (i1–i4) with distinct lingual cusps. Second lower premolar (p2) 
subequal in height to p3 (e.g., in M. glirina), p3 taller than p2 (e.g., in M. emiliae), or p2 
taller than p3 (e.g., in M. pinocchio); lower milk premolar (dp3) trigonid complete 
(tricuspid; e.g., in M. brevicaudata) or incomplete (bicuspid; e.g., in M. reigi). 
Hypoconid lingual to protoconid (not labially salient) on m3; hypoconulid twinned with 
entoconid on m1–m3; entoconid smaller than hypoconulid on m1–m3 (e.g., in M. kunsi) 
or entoconid higher or subequal to hypoconulid on m1–m3 (e.g., in M. scalops). 
REMARKS: The monophyly of Monodelphis was robustly supported by 
phylogenetic analyses of four exemplar species using sequence data from five nuclear 
genes analyzed separately, in tandem, and in combination with morphology and 
karyotypes; and by a unique deletion at the BRCA1 locus (Voss and Jansa, 2009). More 
recently, generic monophyly was strongly corroborated by phylogenetic analyses based 
on much dense taxonomic sampling and multiple genes (Pavan et al., 2014). The 10 
unambiguous nonmolecular synapomorphies identified by Voss and Jansa (2009) remain 
to be evaluated with phylogenetic analyses of more taxonomically comprehensive 




Mygalodelphys, new subgenus 
 
TYPE SPECIES: Monodelphis adusta (Thomas, 1897). 
CONTENTS: adusta Thomas, 1897 (including melanops Goldman, 1912); 
peruviana Osgood, 1913; osgoodi Doutt, 1938; kunsi Pine, 1975; reigi Lew and Peréz-
Hernández, 2004; ronaldi Solari, 2004; handleyi Solari, 2007; and pinocchio Pavan, 2015. 
DIAGNOSIS: Dorsal body pelage unpatterned; ventral pelage uniformly colored or 
with self-whitish median markings.
4
 Mammae 2–0–2 = 4 (e.g., in M. peruviana; AMNH 
264562), 3–0–3 = 6 (e.g., in M. adusta; AMNH 202650), or 3–1–3 = 7 (e.g., in M. 
pinocchio; MZUSP MTR15815), all abdominal-inguinal. Thenar and first interdigital pad 
of pes separate, not fused; hypothenar pad of pes present (but unknown for M. reigi, M. 
peruviana, and M. ronaldi). Body pelage extends onto tail farther ventrally than dorsally; 
tail scales arranged in annular or spiral series. Infraorbital foramen dorsal to M1; 
zygomatic arches homogeneously low, with the frontal process of jugal as high as or 
lower—but not higher—than the zygomatic process of squamosal; parietal usually (> 
90% of examined specimens) not in contact with mastoid; length of incisive foramina 
variable; length of maxillopalatine fenestra variable; sphenorbital fissure small 
(basisphenoid laterally concealed); infratemporal crest of alisphenoid distinct or 
                                                        
4
 Self-whitish ventral markings were observed on all examined specimens of M. handleyi, 
most examined specimens of M. adusta and M. peruviana, and few specimens of M. 
kunsi. They were not observed in M. osgoodi, M. pinocchio, M. reigi, or M. ronaldi. 
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indistinct; secondary foramen ovale usually absent
5
; tympanic wing of alisphenoid small; 
tip of anterior process of malleus exposed on external bullar surface between 
ectotympanic and alisphenoid; rostral tympanic process of petrosal narrow and triangular, 
not concealing fenestra cochleae in ventral view; stapes columelliform, imperforate or 
microperforate; subsquamosal foramen large. Anterior cingulids of m2 and m3 narrow; 
entoconids of m1-m3 very small, indistinct; dp3 small, with incomplete trigonid and 
indistinct anterior cingulid in some species (e.g., M. adusta, M. reigi), but dp3 large, with 
complete trigonid and distinct anterior cingulid in other species (e.g., M. handleyi; the 
morphology of dp3 is unknown for M. peruviana, M. osgoodi, M. ronaldi, M. pinocchio, 
and M. kunsi). 
COMPARISONS: Members of the subgenus Mygalodelphys differ from currently 
recognized species in other subgenera of Monodelphis by several unique external and 
craniodental traits, including (1) soft body pelage that extends onto the tail farther 
ventrally than dorsally; (2) frontal process of jugal as high as or lower than zygomatic 
process of squamosal; (3) the absence of parietal-mastoid contact; (4) a small 
sphenorbital fissure that conceals the basispheniod from lateral view; (5) narrow lower 
molar anterior cingulids; and (6) indistinct entoconids on m1–m3. Self-whitish 
midventral pelage markings are also unique to Mygalodelphys, although they are not 
present in all member species. 
Among other diagnostic comparisons (table 2), Mygalodelphys additionally 
differs from Pyrodelphys by its unpatterned dorsal pelage, separate thenar and first 
                                                        
5
 A few specimens of M. kunsi (< 10% of those examined) have a complete bullar lamina 
forming a secondary foramen ovale on one side of the skull. 
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interdigital pads on the hind foot, small alisphenoid tympanic wing, exposure of the 
anterior process of the malleus on the external surface of the bulla, narrow-triangular 
rostral tympanic process of the petrosal, and a large subsquamosal foramen. 
Mygalodelphys additionally differs from the usual morphology seen in the nominotypical 
subgenus by possessing a distinct hypothenar pad on the hindfoot, an infraorbital foramen 
that is dorsal to M1, and a columelliform stapes. Mygalodelphys additionally differs from 
Microdelphys by its consistently unpatterned dorsal pelage, small alisphenoid tympanic 
wing, exposure of the anterior process of the malleus on the external surface of the bulla, 
and narrow-triangular rostral tympanic process of the petrosal. Mygalodelphys 
additionally differs from Monodelphiops by its unpatterned dorsal pelage, lack of pectoral 
mammae, and possession of a hypothenar pad of the hind foot. 
ETYMOLOGY: From mygalos (...), ancient Greek for a shrew, which members of 
this clade strikingly resemble in general aspect. 
REMARKS: Mygalodelphys corresponds to “clade E” as recovered in our previous 
phylogenetic analyses (Pavan et al., 2014; Pavan et al., 2016), in which this group was 
recovered with consistently robust molecular support. Although taxon-dense 
phylogenetic analyses incorporating morphological characters have yet to be 
accomplished, it seems likely that several morphological features unique to this subgenus 
(e.g., body pelage extending onto the tail farther ventrally than dorsally; zygomatic 
arches homogeneously low; no parietal-mastoid contact; narrow lower molar anterior 
cingulids) will eventually be found to optimize as subgeneric synapomorphies. 
Phylogenetic analyses based on mitochondrial and nuclear gene sequences (Pavan 
et al., 2014; Vilela et al., 2015; Pavan et al., 2016) have consistently recovered a basal 
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dichotomy among the species that we refer to Mygalodelphys: one clade includes 
Monodelphis kunsi and M. pinocchio (M. “species 1” of Pavan et al., 2014), and another 
includes M. adusta, M. reigi, M. peruviana, M. osgoodi, M. handleyi, and a still-
undescribed form (M. “species 2”). Although these clades are robustly supported by 
sequence data, morphological data does not support their formal taxonomic recognition. 
Despite being sister taxa, M. pinocchio and M. kunsi are externally and cranially 
dissimilar (Pavan, 2015), and we are not aware of any phenotypic trait shared by these 
two species that consistently distinguish them from the remaining species of 
Mygalodelphys.  
Although Monodelphis ronaldi has not been included in any phylogenetic analysis 
to date, we allocate this species to the subgenus Mygalodelphys based on its close 
phenetic similarity to M. handleyi (previously noted by Solari, 2007) and to its shared 
possession of morphological traits that seem likely to optimize as subgeneric 
synapomorphies, including (1) a frontal process of jugal as high as or lower than 
zygomatic process of squamosal, (2) a small sphenorbital fissure within which the 
basisphenoid is not laterally exposed, (3) lack of parietal-mastoid contact, and (4) narrow 
anterior cingulids on m2 and m3. Including M. ronaldi in future phylogenetic analyses 
will effectively test the hypothesis that it is a member of Mygalodelphys. 
NOTES ON DISTRIBUTION AND SYMPATRY: Species of the subgenus Mygalodelphys 
are known from eastern Panama; the humid tropical and subtropical Andes (to ca. 3000 
m) of Colombia, Ecuador, Peru, and Bolivia; the Guiana Highlands of southern 
Venezuela and western Guyana; western and southeastern Amazonia; the Atlantic Forest 
of southeastern Brazil; Cerrado landscapes from central Brazil, Cerrado, Chaco and 
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adjacent dry-forested biomes of western Brazil, Bolivia, Paraguay and northeastern 
Argentina (Solari, 2010; Pavan et al., 2014) (table 3). Species of Mygalodelphys are 
sympatric with Pyrodelphys in southwestern and southeastern Amazonia (e.g., in the 
lower Urubamba region of eastern Peru; Solari et al., 2001), with species of the subgenus 
Monodelphis in Amazonia and the Cerrado (e.g., at Bosque Mbaracayú in eastern 
Paraguay; de La Sancha et al., 2007), with species of the subgenus Microdelphys in the 
Andes and the Atlantic Forest (e.g., at Riacho Grande, São Paulo, southeastern Brazil; 
Pavan, 2015), and with species of Monodelphiops in the Atlantic Forest (e.g., at Parque 
Nacional do Itatiaia, southeastern Brazil; Pavan, 2015).  
Given this wide distribution and extensive sympatry, the absence of 
Mygalodelphys throughout most of northeastern Amazonia (north of the Amazon and east 
of the Rio Negro), where only species of the nominotypical subgenus are known to occur 
in lowland habitats, is notewothy. It is also worth noting that Mygalodelphys is the only 
subgenus known to occur in the northern Andes (north of the Huancabamba Deflection), 
and in northwestern Amazonia (north of the upper Amazon and west of the Rio Negro). 
Whether historical or ecological factors account for such distributional phenomena is 
unknown. 
 
Pyrodelphys, new subgenus 
 
TYPE SPECIES: Monodelphis emiliae (Thomas, 1912). 
CONTENTS: emiliae Thomas, 1912. 
DIAGNOSIS: Dorsal body pelage with grayish midbody contrasting with reddish 
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head and rump (fig. 15A); ventral pelage uniformly colored (without self-whitish median 
markings), yellowish or orangish on museum skins, but much brighter in life (fig. 15B). 
Mammae 2–1–2 = 5 (MZUSP 35064), 3–1–3 = 7 (MPEG JUR 79), or 4–1–4 = 9 (MPEG 
39106, 39182, 42955), all abdominal-inguinal. Thenar and first interdigital pad of pes 
usually fused or in contact; hypothenar pad of pes usually present.
6
 Body pelage extends 
onto tail farther dorsally than ventrally, or to about the same extent dorsally and 
ventrally; tail scales arranged in annular series. Infraorbital foramen dorsal to M1; frontal 
process of jugal higher than zygomatic process of squamosal, rounded; parietal usually 
(ca. 80% of examined specimens) in contact with mastoid; incisive foramina usually 
short; maxillopalatine fenestrae short; sphenorbital fissure large, exposing basisphenoid 
in lateral view; infratemporal crest of alisphenoid distinct; secondary foramen ovale 
present or absent; tympanic wing of alisphenoid large; tip of anterior process of malleus 
not exposed on external bullar surface; rostral tympanic process of petrosal broad and 
rounded, concealing fenestra cochleae in ventral view; stapes columelliform, imperforate 
or microperforate; subsquamosal foramen small. Anterior cingulids of m2 and m3 broad; 
entoconids of m1–m3 distinct; dp3 small, with incompete trigonid and indistinct anterior 
cingulid. 
COMPARISONS: Pyrodelphys is uniquely distinguished from other subgenera of 
Monodelphis by fusion or contact between the thenar and first interdigital pads of the 
                                                        
6
 Thenar and first interdigital pad are separated in one specimen (AMNH 95816) out of 





hind foot (the thenar and first interdigital are separate in members of other subgenera) 
and by having a small subsquamosal foramen (the subsquamosal foramen is distinctly 
larger in members of other subgenera. 
Among other diagnostic comparisons (table 2), Pyrodelphys is consistently 
distinguished from the subgenus Monodelphis by having a reddish head and rump 
separated by a grayish midbody, an infraorbital foramen dorsal to M1, large alisphenoid 
tympanic wing, unexposed tip of the anterior process of the malleus, broadly rounded 
rostral tympanic process of the petrosal, columelliform stapes, and smaller dp3. 
Pyrodelphys is additionally distinguished from Microdelphys by lacking dorsal stripes in 
all age-sex classes, by lacking an acutely pointed frontal process of jugal, and by having a 
distinct infratemporal crest of the alisphenoid. Pyrodelphys is also distinguished from 
Monodelphiops by its dorsal pelage pattern, by lacking pectoral mammae, and by having 
tail scales in annular series, a large alisphenoid tympanic wing, and a broadly rounded 
rostral tympanic process of the petrosal. Diagnostic comparisons between Pyrodelphys 
and Mygalodelphys have already been provided (above). 
ETYMOLOGY: From pyr (πύρ), ancient Greek for fire, in reference to the flame-
colored underparts of living and freshly dead specimens of this clade (fig. 15B).  
REMARKS: This monotypic taxon is widely divergent from other clades in the 
genus Monodelphis and appears to represent an ancient lineage with no close extant 
relatives (Pavan et al., 2014; Pavan et al., 2016).  
NOTES ON DISTRIBUTION AND SYMPATRY: Monodelphis (Pyrodelphys) emiliae is 
known from southwestern and southeastern Amazonia (table 3), from near the base of the 
Andes in Peru and Bolivia to eastern Pará, Brazil (Pine and Handley, 2008). Based on 
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geographic range overlap and published reports of co-occurring species (e.g., in the lower 
Urubamba region of eastern Peru; Solari et al., 2001), Pyrodelphys may occur 
sympatrically with species of the subgenera Mygalodelphys and/or Monodelphis 
throughout its geographic range. 
 
Subgenus Monodelphis Burnett, 1830 
 
TYPE SPECIES: Monodelphis brachyuros (Schreber, 1777), an objective junior 
synonym of M. brevicaudata (Erxleben, 1777), by subsequent designation (Matschie, 
1916).  
SYNONYMS: Peramys Lesson, 1842 (see Remarks, below). 
CONTENTS: arlindoi Pavan et al., 2012; brevicaudata Erxleben, 1777 (including 
brachyuros Schreber, 1777; dorsalis Allen, 1904; hunteri Waterhouse, 1841; orinoci 
Thomas, 1899; and sebae Gray, 1827); domestica Wagner, 1842; glirina Wagner, 1842 
(including maraxina Thomas, 1923); palliolata Osgood, 1914; sanctaerosae Voss et al., 
2012; and touan Shaw, 1800 (including touan Bechstein, 1800; touan Daudin in 
Lacépède, 1802; and tricolor Geoffroy St.-Hilaire, 1803). 
DIAGNOSIS: Dorsal body pelage unpatterned, or with a grayish middorsum 
contrasting with clear yellowish, orange, or reddish flanks; ventral pelage uniformly 
colored, without self-whitish median markings. Mammae 3–1–3 = 7 (e.g., in M. 
domestica; MZUSP 20597–98), 4–1–4 = 9 (e.g., in M. brevicaudata; AMNH 130574, M. 
glirina MZUSP 35079, and M. touan; MCN-M 1399), or 6–1–6 = 13 (e.g., in M. 
domestica; MZUSP 17500), all abdominal-inguinal. Thenar and first interdigital pads of 
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hind foot separate; hypothenar pad of hind foot usually absent. Body pelage extends onto 
tail farther dorsally than ventrally, or to about the same extent dorsally and ventrally; tail 
scales arranged in predominantly annular series. Infraorbital foramen usually dorsal to P3 
or P3/M1 commissure; frontal process of jugal higher than zygomatic process of 
squamosal, rounded; parietal usually (ca. 80% of examined specimens) in contact with 
mastoid; incisive foramina long; maxillopalatine fenestra usually long; sphenorbital 
fissure large, basisphenoid laterally exposed; infratemporal crest of alisphenoid distinct; 
secondary foramen ovale absent; tympanic wing of alisphenoid small; tip of anterior 
process of malleus exposed on external surface of bulla; rostral tympanic process of 
petrosal narrow and triangular, not concealing the fenestra cochleae in ventral view; 
stapes triangular or subtriangular, with a large obturator foramen; subsquamosal foramen 
large. Anterior cingulids of m2 and m3 broad; entoconids of m1–m3 distinct; dp3 large, 
with compete trigonid and distinct anterior cingulid. 
COMPARISONS: The subgenus Monodelphis uniquely differs from all other 
congeners by its triangular or subtriangular stapes with a large obturator foramen. 
Additionally, species of the subgenus Monodelphis differ from species of Microdelphys 
by lacking striped dorsal pelage at any age in either sex, by the postion of the infraorbital 
foramen over P3 or P3/M1 commissure, by lacking an acutely pointed frontal process of 
jugal, and by having a distinct infratemporal crest, small alisphenoid tympanic wing, an 
exposed tip of the anterior process of the malleus, a narrow-triangular rostral process of 
the squamosal, and a large and fully molariform dp3. Species of the subgenus 
Monodelphis additionally differ from species of Monodelphiops by lacking pectoral 
mammae, and by having tail scales in predominantly annular series, longer incisive 
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foramina and maxillopalatine fenestrae, and a large and fully molariform dp3. 
Comparisons of the nominotypical subgenus with Mygalodelphys and 
Pyrodelphys have already been described (see above). 
REMARKS: The nominotypical subgenus corresponds to “clade F” as reported in 
our previous phylogenetic analyses, which recovered it with consistently robust support 
(Pavan et al., 2014; Pavan et al., 2016).  
The status of Peramys Lesson, 1842, as an objective junior synonym of 
Monodelphis merits comment. Lesson (1842) included only four nominal species in 
Peramys, listing “Plata; Maldonado” as the geographic distribution of P. brachyurus and 
P. crassicaudata, “Brésil” as the geographic origin of P. tristriata, and “Paraguay” as the 
geographic origin of P. pusilla. He did not mention the authors of these epithets, although 
he did mention the authors of other binomina (e.g., of Didelphis) in the same work, so it 
might be assumed that Lesson wished the species of Peramys to be understood in a 
geographically restricted sense, or at least in a sense not necessarily the same as that of 
the original authors of these names. However, this intention was not made explicit, and 
his formatting of other generic accounts suggest that Lesson was simply inconsistent as to 
whether authors, geography, or both were provided for listed species. Lesson did not 
indicate which of the nominal species of Peramys should be considered the type species, 
because the type concept was not current at the time he wrote. 
The type species of Peramys was first designated by Thomas (1888a: 354) as 
“D[idelphys]. brevicaudata,” but brevicaudata is not eligible for type designation 
because it was not listed among the nominal species originally included in Peramys  
(ICZN, 1999: Article 67.2). However, Thomas often indicated type species indirectly, by 
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using their senior synonyms, and this intention is supported by his listing brachyura 
Schreber, 1777 (“1778”), among the junior synonyms of D. brevicaudata Erxleben, 1777. 
Therefore, there can be no doubt that Thomas intended to designate the nominal species 
that Lesson called P. brachyurus as the type species of Peramys.  
Although Didelphis brachyura Schreber is an objective synonym of the Guianan 
species D. brevicaudata Erxleben, Lesson’s (1842) geographic indication suggests that he 
might have used brachyurus in the sense of Waterhouse (1839), who mistakenly applied 
Schreber’s name to a specimen that Darwin collected at Maldonado (Uruguay), the 
holotype of D. dimidiata Wagner, 1847. According to the Code (ICZN, 1999: Article 
11.10), “if an author employs a specific or subspecific name for the type species of a new 
nominal genus-group taxon, but deliberately in the sense of a previous misidentification 
of it, then the author’s employment of the name is deemed to denote a new nominal 
species[,] and the specific name is available with its own author and date as though it 
were newly proposed in combination with the new genus-group name.” Gardner (2005) 
and Pine and Handley (2008) have interpreted this to mean that the type species of 
Peramys is P. brachyurus Lesson, an objective senior synonym of D. dimidiata Wagner. 
However, it is quite clear that Thomas (1888a) did not deliberately indicate brachyurus in 
the sense of Waterhouse (1839), because he (Thomas, 1888a: 355) listed Waterhouse’s 
misidentification in the synonymy of D. dimidiata Wagner. 
Therefore, we follow Palmer Palmer (1904) and Cabrera (1919, 1957) in 
interpreting Thomas’s (1888a) designation of a type species for Peramys as so indicating 
P. brachyurus (Schreber). Because Didelphis brachyura Schreber is also the type species 
of Monodelphis Burnett, 1830, it follows that Peramys is an objective junior synonym of 
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the nominotypical subgenus. 
NOTES ON DISTRIBUTION AND SYMPATRY: Species of the subgenus Monodelphis 
occur throughout northeastern Amazonia (north of the Amazon and east of the Rio 
Negro), southeastern Amazonia (south of the Amazon and east of the Rio Madeira), and 
throughout the so-called Arid Diagonal (Caatinga, Cerrado, and Chaco); additionally, one 
species (M. glirina) is marginally distributed in southwestern Amazonia (Pine and 
Handley, 2008; Pavan et al., 2012; Voss et al., 2012; Pavan et al., 2014) (table 3). The 
nominotypical subgenus is not known to occur in northwestern Amazonia (north of the 
upper Amazon and west of the Rio Negro), nor does it occur in the Andes or in the 
Atlantic Forest, where it is replaced by species of Mygalodelphys and/or Microdelphys. 
Species of the subgenus Monodelphis are known to occur sympatrically with species of 
Pyrodelphys and Mygalodelphys in Amazonia (see previous accounts), and one species 
(M. domestica) occurs sympatrically with Microdelphys in the Arid Diagonal (e.g., near 
Brasilia; Alho et al., 1987). 
 
Subgenus Microdelphys Burmeister, 1856  
 
TYPE SPECIES: Monodelphis tristriata (Illiger, 1815), an objective junior synonym 
of M. americana (Müller, 1776), by subsequent designation (Thomas, 1888a).  
CONTENTS: americana Müller, 1776 (including brasiliensis Erxleben, 1777; 
brasiliensis Daudin in Lacépède, 1802; rubida Thomas, 1899; trilineata Lund, 1840; 
tristriata Illiger, 1815; and umbristriata Miranda-Ribeiro, 1936); iheringi Thomas, 




DIAGNOSIS: Dorsal body pelage usually marked with dark longitudinal stripes (but 
uniformly reddish in mature males of M. americana, and with grayish midbody 
contrasting with reddish head and rump in mature males of M. scalops); ventral pelage 
uniformly colored, without self-whitish median markings. Mammae 4–1–4 = 9 to 8–1–8 
= 17, all abdominal-inguinal or inguinal-abdominal and pectoral. Thenar and first 
interdigital pads of hind foot separate; hypothenar pad of hind foot present or absent. 
Body pelage extends onto tail to about the same extent dorsally and ventrally; tail scales 
arranged in annular series. Infraorbital foramen usually dorsal to M1; frontal process of 
jugal higher than zygomatic process of squamosal, acutely pointed; parietal in contact 
with mastoid; incisive foramina long; maxillopalatine fenestra long; sphenorbital fissure 
large, basisphenoid laterally exposed; infratemporal crest of alisphenoid indistinct; 
secondary foramen ovale consistently present in some species, absent in others; tympanic 
wing of alisphenoid large; tip of anterior process of the malleus not exposed on external 
surface of bulla; rostral tympanic process of petrosal broad and rounded, concealing the 
fenestra cochleae in ventral view; stapes columelliform, imperforate or microperforate; 
subsquamosal foramen large. Anterior cingulid of m2 and m3 wide; entoconids of m1–
m3 distinct; dp3 small and incompletely molariform (with bicuspid trigonid and indistinct 
anterior cingulid). 
COMPARISONS: A dorsal pelage that includes three dark longitudinal stripes is 
unique to Microdelphys and is present in all member species, although it is lost 
ontogenetically in adult males of M. americana and M. scalops. Another feature that 
distinguishes Microdelphys from all other congeners is an acutely pointed frontal process 
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of the jugal. 
Microdelphys additionally differs from Monodelphiops by having caudal scales in 
annular series, longer incisive foramina and maxillopalatine fenestrae, an indistinct 
infratemporal crest of the alisphenoid, a large alisphenoid tympanic wing, and a broadly 
rounded rostral tympanic process that conceals the fenestra cochleae in ventral view. 
Comparsisons of Microdelphys with other subgenera of Monodelphis have 
already been provided (see above). 
REMARKS: As recognized in this report, Microdelphys includes “Clade C” and 
Clade D” as recovered by the molecular analyses of Pavan et al. (2014). Although the 
sister-group relationship between clades C and D was not recovered by phylogenetic 
analyses based on mitochondrial sequence data (e.g., by Solari, 2010; Pavan et al., 2014; 
Vilela et al., 2015), compelling support for this relationship is provided by Basyesian 
analyses of multigene datasets, and by the three-striped dorsal pelage pattern uniquely 
shared by juvenile and female specimens of all included species. An alternative solution 
would be to restrict Microdelphys to “Clade D” and to name a new subgenus for 
Monodelphis scalops (“Clade C”), but this seems unnecessary and would effectively 
discard important information about shared ancestry. 
NOTES ON DISTRIBUTION AND SYMPATRY: Species of Microdelphys occur in 
forested areas of easternmost Para, in the Brazilian Atlantic Forest, in northeastern 
Argentina (Misiones), in some gallery forests of central and northeastern Brazil, and in 
the central Andes of Peru (Solari et al., 2012; Pavan et al., 2014) (table 3). Microdelphys 
is broadly sympatric with Monodelphiops in the Atlantic Forest, where these taxa have 
been collected together at several localities (Pavan, 2015), and also occur sympatrically 
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with species of Mygalodelphys and Monodelphis (see previous accounts). 
 
Subgenus Monodelphiops Matschie, 1916 
 
TYPE SPECIES: Monodelphis sorex (Hensel, 1872), a subjective junior synonym of 
Monodelphis dimidiata (Wagner, 1847), by original designation. 
SYNONYMS: Minuania Cabrera, 1919. 
CONTENTS: dimidiata Wagner, 1847 (including fosteri Thomas, 1924; henseli 
Thomas, 1888b; itatiayae Miranda-Ribeiro, 1936; lundi Matschie, 1916; paulensis Vieira, 
1950; and sorex Hensel, 1872); and unistriata Wagner, 1842. 
DIAGNOSIS
7
: Dorsal body pelage grayish middorsally, with (M. unistriata) or 
without (M. dimidiata) a single dark longitudinal stripe, contrasting with clear yellowish, 
organge, or reddish flanks; ventral pelage uniformly colored (yellowish, orangish, or 
reddish), without self-whitish markings. Mammae 6–5–6 = 17 to 11–5–11 = 27 (Thomas, 
1888a: 361), including abdominal-inguinal and pectoral teats.* Thenar and first 
interdigital pads of hind foot separate*; hypothenar pad of hind foot absent.* Body pelage 
extends onto the tail to about the same extent dorsally and ventrally; tail scales arranged 
in spiral series. Infraorbital foramen dorsal to P3 or M1; frontal process of jugal higher 
than zygomatic process of squamosal, rounded; parietal usually (> 90% of examined 
specimens) in contact with mastoid*; incisive foramina short; maxillopalatine fenestra 
short; sphenorbital fissure usually large, basisphenoid usually exposed laterally*; 
                                                        
7
 Asterisks indicate traits exhibited by Monodelphis dimidiata that have yet to be 
confirmed for M. unistriata. 
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infratemporal crest of alisphenoid distinct*; secondary foramen ovale usually absent 
(rarely present bilaterally)*; tympanic wing of alisphenoid usually small*; tip of anterior 
process of the malleus exposed or not on external surface of bulla*; rostral tympanic 
process of petrosal triangular (not broadly rounded), sometimes concealing fenestra 
cochleae ventrally*; stapes columelliform, imperforate or microperforate*; subsquamosal 
foramen large*. Anterior cingulids of m2 and m3 wide; entoconids of m1–m3 distinct; 
dp3 small and incompletely molariform, with bicuspid trigonid and indistinct anterior 
cyngulid*. 
COMPARISONS: Comparisons of Monodelphiops with other subgenera of 
Monodelphis have already been provided (see above). 
REMARKS: Molecular sequence data are unavailable from Monodelphis unistriata, 
so inferences about its relationships are necessarily based on morphology. Although Pine 
et al. (2013) revovered M. unistriata as the sister taxon of M. iheringi based on a 
phylogenetic analysis using morphological characters, several species and important 
characters for Monodelphis taxonomy were not included in their analysis. The authors 
themselves state that morphological characters sampled to that date were not sufficiently 
informative as to allow refined elucidation of the relationships in this genus (Pine et al., 
2013: 433), and that additional characters as well as inclusion of other species are 
necessary to more firmly ascertain the relationships of this taxon (Pine et al., 2013: 435). 
They also mention that the rostrum of M. unistriata is more similar to the rostrum of M. 
dimidiata, suggesting that M. unistriata could be more closely related to M. dimidiata 
than to any other Monodelphis species (Pine et al., 2013: 432). Among other difficulties, 
M. unistriata is known from just two specimens, one consisting only of a skin and the 
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other of a skin and part of the skull (Pine et al., 2013: fig. 2), so information is missing 
for many characters, including those of the posterior braincase, zygomatic arches, and ear 
region.  
We hypothesize that M. unistriata and M. dimidiata are sister taxa based on 
shared attributes that seem likely to optimize as synapomorphies in phylogenetic 
analyses. Such attributes include: a dorsal body pelage with a grizzled middorsum 
contrasting with clear yellowish, orange, or reddish flanks; large tail scales arranged in 
spiral series; short incisive foramina and maxillopalatine fenestra. This hypothesis needs, 
of course, to be tested using taxon-dense phylogenetic analyses incorporating 
morphological characters (and/or genetic sequences of this taxon). 
NOTES ON DISTRIBUTION AND SYMPATRY: Monodelphiops occurs in southeastern 
Brazil, eastern Paraguay, Uruguay, and northeastern Argentina (Vilela et al., 2010; Pine 
et al., 2013) (table 3), where it is sometimes sympatric with Mygalodelphys and 
Microdelphys (see previous accounts). 
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List of collecting localities and specimens examined. Specimens in bold correspond to 




Monodelphis adusta: COLOMBIA – Boyacá, Guaicaramo (4.72 N, 73.03 W): AMNH 
75232; Magdalena, Colonia Agricola De Caracolicito, Santa Marta (10.20 N, 73.97 W; 
400 m): USNM 280894; Cundinamarca, “W. Cundinamarca, in the low-lying hot 
regions”: BMNH 97.7.2.1—holotype of adusta Thomas, 1897; Meta, Villavicencio (4.15 
N, 73.62 W): AMNH 136158, 139227, 202650; Villavicencio 7 km NE (4.15 N, 73.62 
W): AMNH 207765; ECUADOR – Napo, Lumbaqui Km 61 on LagoAgrio, Quito 
Highway (0.00 N, 77.30 W): USNM 534286; San Jose Abajo (0.43 S, 77.33 W): AMNH 
68136; Pastaza, Mera (1.47 S, 78.13 W): AMNH 67274; Palmera, Tungurahua (1.42 S, 
78.20 W; 1220 m): AMNH 67275; 5 km N Puyo, Safari Hostería Park (1.44 S, 78.00 W): 
TTU 84865, 84899; Zamora-Chinchipe, Zamora (4.07 S, 78.97 W; 990 m): AMNH 
47189; PANAMA – Darien, Cana (7.74 N, 77.55 W; 610 m): USNM 179609—holotype 
of melanops Goldman, 1912; Guayabo (8.92 N, 80.25 W): ANSP 19676; Tacarcuna 
Village Camp (7.75 N, 77.83 W; 975 m): USNM 309203; PERU – Loreto, 1.5 km N 
Teniente Lopez (2.52 S, 76.17 W): KU 157978; Maynas, Estación Biológica Allpahuayo 
(3.97 S, 73.42 W): TTU 98923, 101164. 
Monodelphis handleyi: PERU – Loreto, Requena, Jenaro Herrerra (4.87 S, 73.65 W): 
AMNH 276698, 276704, 276709, MUSM 23808–23810; BRAZIL – Amazonas, Jutaí, 
left Margin of Rio Mutum, RDS Cujubim (4.94 S, 68.17 W): MPEG 41787. 
Monodelphis kunsi: ARGENTINA – Salta, Departamento Gral. José de San Martín, 
Finca Falcón (11.31 S, 63.97 W; 700 m): MACN-M 23783, 23784; BOLIVIA – El Beni, 
La Granja, 4 km N of Magdalena, west bank of Río Itonamas (13.30 S, 64.15 W; 200 m): 
USNM 461348—holotype of kunsi Pine, 1975; Santa Cruz, El Refugio (14.75 S, 61.03 
W; 200 m): USNM LHE 1692; Tarija, Río Lipeo (22.68 S, 64.43 W; 640 m): ANSP 
18191; Tapecua (21.44 S, 63.92 W; 1500 m): AMNH 263968; BRAZIL – Distrito 
Federal, Fazenda Agua Limpa, 20 km S of Brasília (15.95 S, 47.93 W; 1000 m): OMNH 
22265–22266; Goiás, Silvânia (16.67 S, 48.61 W): MN A191; Mato Grosso, Barão de 
Melgaço, Reserva do Patrimonio Particular Natural SESC Pantanal (16.77 S, 56.13 W): 
MN 64323, 64411, 64424; Querência, Fazenda Tanguro (12.57 S, 52.21 W): MPEG 
43016–43017; Mato Grosso do Sul, Corumbá, Margem direita do Córrego Urucum 
(19.17 S, 57.62 W): UFMG LFS 202; Corumbá, Mineração Rio Tinto (19.22 S, 57.56 
W): UFMG RM 318–319, 324, 340; Minas Gerais, Aiuruoca (22.03 S, 44.61 W): MCM-
M 1570, 1607; Betim, Fazenda da FUNED (19.87 S, 44.19 W): MCN-M 1470, 1531; 
Divinópolis (20.15 S, 44.89 W): MCN-M 1256; Palmital, AHE Queimado (16.12 S, 
47.32 W): MCN-M 2964; Parque Nacional da Serra do Cipó (19.37 S, 43.62 W): MZUSP 
MTR 20361; Parque Nacional da Serra do Cipó, Santana do Riacho (19.37 S, 43.61 W; 
821 m): MCN-M 1465; Pompéu (18.90 S 44.78 W): MCN-M 1420–1421; Rio Manso 
(20.29 S, 44.39 W): MCN-M 2273; Serra do Salitre (19.03 S, 46.79 W; 858 m): MCN-M 
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2304; Unidade Ambiental Jacob, Nova Ponte (19.15 S, 47.67 W): UFMG 1965; São 
Paulo, Pedreira (22.75 S, 46.90 W): MN 46571; Tocantins, Peixe (12.03 S, 48.54 W): 
MZUSP 35059; PARAGUAY – Canendeyú, Reserva de Biosfera del Bosque 
Mbaracayú, Puesto Aguara Ñu (24.21 S, 55.27 W): TTU 116526; Presidente Hayes, 
Trans-Chaco Hwy, Km 412, Experimental Farm, 2 km W Cruce de los Pioneros (22.68 S, 
59.77 W): FMNH 164094; Unknown locality: MN 73381. 
Monodelphis osgoodi: BOLIVIA – Cochabamba, 4.4 km N Tablas Monte (17.07 S, 
66.01 W; 1833 m): AMNH 264922; Incachaca (17.23 S, 65.68 W; 2600 m): CM 5242—
holotype of osgoodi Doutt, 1938; PERU – Cusco, Ocobamba Valley, Tocopoqueu (12.88 
S, 72.35 W; 2774 m): USNM 194397 
Monodelphis peruviana: BOLIVIA – La Paz, Serranía Bella Vista (15.68 S, 67.50 W; 
1525 m): AMNH 264562; PERU – Cusco, 2 km SW Tangoshiari (11.77 S, 73.43 W; 
1000 m): USNM 588019; 3 km E Amaybamba (13.06 S, 72.43 W; 2200 m): MVZ 
173928; La Convención, Camisea, Cashiriari (11.88 S, 72.65 W; 580–690 m): USNM 
582782; Paucartambo, Pillahuata (13.16 S, 71.60 W; 2600 m): FMNH 172032; 
Paucartambo, Suecia (13.23 S, 71.63 W; 1900 m): FMNH 189811; Huánuco, Hacienda 
San Antonio, Rio Chinchao (9.55 S, 75.87 W; 914 m): USNM 259433; Junín, Cordillera 
Vilcabamba (11.55 S, 73.63 W; 2050 m): USNM 582110; Loreto, Río Gálvez, Nuevo 
San Juan (5.25 S, 73.17 W; 148 m): AMNH 272695, 272781, MUSM 13297, 15318; 
Madre de Dios, Tambopata, Reserva Cusco Amazónico (12.55 S, 69.05 W; 200 m): 
MUSM 7157. 
Monodelphis pinocchio: BRAZIL – Espírito Santo, Serra do Caparaó, Córrego do 
Calçado (20.47 S, 41.73 W): MZUSP MTR 15815; Rio de Janeiro, Alto do Itatiaia, Pico 
das Agulhas Negras (22.38 S, 44.63 W): AMNH 61547; Serra de Macaé (22.32 S, 42.33 
W): MZUSP 2793; São Paulo, Cotia, Reserva Morro Grande (23.60 S, 46.92 W): MN 
78651, 78680—holotype of pinocchio Pavan, 2015; São Bernardo do Campo, Riacho 
Grande (23.80 S, 46.58 W): MZUSP 30740; Unknown locality: MZUSP 33878. 
Monodelphis reigi: GUYANA – Potaro-Siparuni, Mount Ayanaganna, first Plateau 
Camp (5.33 S, 59.95 W, 1100 m): ROM 114699. 
Monodelphis ronaldi: PERU – Madre de Dios, Pakitza, Manu Reserved Zone (11.93 S, 
71.28 W; 356 m): MUSM 17027. 
Monodelphis sp.2: BRAZIL – Pará, Itaituba, Floresta Nacional do Crepori, Rio das 
Tropas (6.52 S, 51.43 W): MPEG 40575; Itaituba, Jardim do Ouro (6.27 S, 55.90 W): 
MPEG 41820; Itaituba, Mina do Palito (6.31 S, 55.78 W): MPEG 42956; Itaituba, 
Tapajós, Boca do Rato (5.23 S, 56.93 W): UFPA 1394–1395; Itaituba, Tapajós, Bom 
Jardim (5.61 S, 57.12 W): UFPA 1422; Itaituba, Tapajós, Penedo (5.57 S, 57.13 W): 
UFPA 1260; Itaituba, Tapajós, Penedo (5.59 S, 57.12 W): UFPA 1738; Marabá [specific 
locality unknown]: UFSC 5210; Marabá, Floresta Nacional de Tapirapé-Aquiri (5.80 S, 
50.52 W): MN 75511; Marabá, Serra dos Carajás (6.00 S, 50.21 W): MPEG 38947; 
Parauapebas, Floresta Nacional de Carajás (6.05 S, 50.25 W): MCN-M 1962, 2301, MN 
73872, 74002–74003; Uruá, Parque Nacional da Amazonia, Transamazon Km 65 (4.62 S, 
56.25 W): MZUSP 12207; Unknown locality: MPEG 42601. 
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Unidentified: PERU – Puno, Inca Mines (13.85 S, 69.68 W; 1830 m): AMNH 16547 
[juvenile, possibly M. peruviana]. 
 
Subgenus Pyrodelphys 
Monodelphis emiliae: BOLIVIA – Pando, Abuna, 18 km N San Juan De Nuevo Mundo 
(10.77 S, 66.73 W; 170 m): USNM 579574; BRAZIL – Acre, Igarapé Porongaba, right 
margin Rio Juruá (8.67° S, 72.78° W): MPEG 28113, MVZ 190335; Sobral, left margin 
Rio Juruá (8.37° S, 72.82° W): MPEG 28114 [=MVZ 193609]; Amazonas, Rio Abacaxis, 
Igarapé Açu (4.34 S, 58.64 W): MZUSP 35064; Rio Abacaxis, Maruim (4.34 S, 58.64 
W): MZUSP 35063, (4.60 S, 58.22 W): MZUSP 35065; Rio Abacaxis, Pacamiri (4.60 S, 
58.22 W): MZUSP 35066; Rio Abacaxis, São Sebastião (4.31 S, 58.64 W): MZUSP 
35062; Seringal Condor, left margin Rio Juruá (6.75 S, 70.85 W): MVZ 190334; Mato 
Grosso, Aripuanã (10.18 S, 59.45 W): MZUSP 35057–35058, MZUSP APC 254, 
MZUSP PEU 960014; Juruena (10.32 S, 58.49 W): MZUSP APC 157; Pará, Baião, Rio 
Tocantins (2.73 S, 49.58 W): AMNH 96810; Belterra (2.63 S, 54.95 W): MPEG 12585; 
Boim, Rio Tapajós (2.82 S, 55.17 W): AMNH 37491, BMNH 11.12.22.16—holotype of 
emiliae Thomas, 1912—, MPEG 539; BR 165, Estrada Santarem–Cuiaba Km 217 (4.00 
S, 54.67 W): USNM 461883; Cametá, Rio Tocantins (2.25 S, 49.50 W): MCZ 30418; 
Fordlândia, Rio Tapajós (3.67 S, 55.50 W): FMNH 94293; Igarapé Amorim, Rio Tapajós 
(2.43 S, 55.00 W): AMNH 95816; Itaituba, Mina do Palito (6.31 S, 55.78 W): MPEG 
42955; Itaituba, Tapajós, Jatobá (5.06 S, 58.88 W): UFPA 1206, (5.07 S, 56.87 W): 
UFPA 1376–1377; Juruti (2.15 S, 56.09 W): MPEG 40660, 40664, 40675, 40676, 40677, 
MPEG JUR 20, 41, 47, 55, 57, 71, 79; Juruti, Area de influência do projeto Juruti 
ALCOA (2.15 S, 56.09 W): MPEG 38398, 38427; Juruti, Comunidade Barroso (2.46 S, 
56.01 W): MPEG 38693, 38701; Juruti, Platô Capiranga (2.51 S, 56.19 W): MPEG 
38366, 38525–38526, 38533, 38691, 38697; Transamazônica Itaituba–Jacareacanga Km 
200 (6.25 S, 57.63 W): USNM461884; Vila Braga, Rio Tapajós (4.42 S, 56.28 W): MN 
1299, 1300; Rondônia, Porto Velho (8.77 S, 63.90 W): MCN-M 2078; UHE Samuel 
(8.76 S, 63.44 W): MPEG 22546–22547; PERU – Loreto, Quebrada Aucayo (3.83 S, 
73.08 W): FMNH 58955; Requena, Jenaro Herrerra (4.87 S, 73.65 W; 135 m): AMNH 
276721, MUSM 23807; Río Gálvez, Nuevo San Juan (5.25 S, 73.17 W; 148 m): AMNH 
268221, MUSM 13298; Unknown locality: MPEG 11839, 35272–35274, 39106, 39138, 
39139, 39182, 39191, 39244, 41814, 41821, 41822, 41826, 41833, 41836, 41841. 
 
Subgenus Monodelphis 
Monodelphis arlindoi: BRAZIL – Pará, Alenquer, Grão Pará Sul (0.15 S, 55.18 W): 
MPEG 40048; Faro, Flota de Faro (1.70 S, 57.20 W): MPEG 39988, MPEG MBA 62; 
Faro, Rio Jamundá, Castanhal (2.18 S, 56.73 W): AMNH 93971–93974, 94161, 94221; 
Oriximiná, Cachoeira Porteira (1.03 S, 57.15 W): MPEG 10035, 10037–10048, 10260–
10265, 12739–12741, 12744, 12927, 12930–12931, 12936, 12942, 12951, USNM 
546209–546219; Oriximiná, Porto Trombetas (1.77 S, 55.87 W): UFMG 2283; 
Oriximiná, Porto Trombetas, Igarapé Greig (1.84 S, 56.53 W): MPEG 39811, 39812; 
Oriximiná, Porto Trombetas, Platô Bacaba (1.77 S, 56.37 W): MPEG 42371, 42399, 
42428, 42438, 42440; Oriximiná, Porto Trombetas, Platô Bela Cruz, 40 km SW (1.80 S, 
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56.51 W; 176 m): MPEG 38093, UFMG 3186; Oriximiná, Porto Trombetas, Platô Cipó 
(1.73 S, 56.61 W): MPEG 39810; Oriximiná, Porto Trombetas, Platô Greig, 43 km SW 
(1.83 S, 56.42 W): MPEG 38052—holotype of arlindoi Pavan et al., 2012, 38054, 38056, 
38074, 38095, UFMG 3184–3185, 3189, 3190; Oriximiná, Porto Trombetas, Platô Saracá 
(1.69 S, 56.50 W): MPEG 39815; Oriximiná, Porto Trombetas, Platô Teófilo (1.77 S, 
56.57 W; 176 m): MPEG 38063, UFMG 3187–3188; Roraima, São João da Baliza, UHE 
Alto Jatapu (0.93 N, 59.90 W): MN 51660; GUYANA – Cuyuni-Mazaruni: Kamakusa 
(5.95 N, 59.90 W): AMNH 140465–140466; Potaro-Siparuni, Anundebaru (4.86 N, 
59.22 S): AMNH 75830–75831; Minehaha Creek (5.13 N, 59.12 W): AMNH 36317; 
Mount Wokomung, Base of First Escarpment Camp (5.13 N, 59.82 W; 670 m): ROM 
115765; Iwokrama Reserve (4.33 N, 58.75 W; 100 m): ROM 108692, (4.37 N, 58.85 W; 
100 m): ROM 108477; Upper Takutu-Upper Essequibo, Bbc Basecamp, Upper 
Essequibo Conservation Concession (3.51 N, 58.23 W; 107 m): ROM 118998; 
SURINAME – Brokopondo, Brownsberg Nature Park, 3 km S, 20 km W Afobakka 
(4.98 N, 55.17 W): CM 52729; Sipaliwini, Avanavero (4.87 N, 57.35 W): CM 68358;; 
Kayserberg airstrip (3.10 N, 56.48 W): CM 68359; Raleigh Falls (4.73 N, 56.20 W): CM 
63509–63510, 63511, 68361; Werehpai Camp (2.36 N, 56.70 W; 210 m): ROM 120710  
Monodelphis brevicaudata: BRAZIL – Amazonas, Barcelos, Igarapé do Bigorna, Rio 
Aracá (0.25 S, 63.12 W): MN 69058; Barcelos, Igarapé Japomeri, left bank of Rio 
Padauiri (0.00 N, 64.00 W): MN 69367, 69371; Barreira, right margin of Rio Jufari (1.05 
S, 62.15 W): CGB 82, 90; Roraima, Barreira, left margin of Rio Jufari (1.01 S, 62.12 W): 
CGB 80, 81; GUYANA – Barima-Waini, Baramita, North West Of Airstrip (7.37 N, 
60.49 W): USNM 568009; Waikerebi (7.53 N, 59.4 W): ROM 98909 - Only photos; 
Cuyuni-mazaruni, Kamakusa (5.95 N, 59.90 W): AMNH 140465; Kartabo (6.38 N, 
58.68 W): AMNH 48133, 60639; Upper Demerara-Berbice, Dubulay Ranch (5.68 N, 
57.87 W): AMNH 268060; Without locality data: BMNH 67.4.12.540—holotype of 
brevicaudata Erxleben, 1777, BMNH 88.1.31.1—holotype of hunteri Waterhouse, 1841; 
VENEZUELA – Amazonas, Capibara, Brazo Casiquiare, 106 km SW Esmeralda (2.62 
N, 66.32 W): USNM 406907, 406908, 415277; Esmeralda, 290 km S, 235 km E Pto. 
Ayacucho (3.18 N, 65.55 W): USNM 385010; Mount Duida (4.05 N, 67.7 W): AMNH 
7281–7285, 77287–77295; Raya, 32 km S Pto. Ayacucho (5.40 N, 67.65 W): USNM 
406910–406913: USNM 406910–406913; Rio Casiquiare, Buena Vista (1.22 N, 67.1 W): 
AMNH 77286; Rio Casaquiare, Orilla Izquierda, El Merey (2.28 N, 67.18 W): AMNH 
78096–78099; Rio Casaquiare, Orilla Izquierda, Frente de Merey (2.28 N, 67.18 W): 
AMNH 78100; Rio Orinoco, Cano Deshecho (2.80 N, 64.25 W): AMNH 78092; Rio 
Orinoco, Boca del Rio Orinoco (2.80 N, 64.25 W): AMNH 78093–78095); Tamatama, 
Rio Orinoco (3.17 N, 65.82 W): USNM 388355, 388357, 406906, 490231–490233, 
490235; Bolívar, Auyán-tepuí (5.92 N, 62.53 W: AMNH 130516, 130560–130565, 
130573–130576, 130727; Caicara del Orinoco (7.63 N, 66.17 W): BMNH 98.12.1.22—
holotype of orinoci Thomas, 1899; Cuidad Bolívar (8.13 N, 63,55 W): AMNH 16124, 
16125 16126—holotype of dorsalis Allen, 1904; El Manaco, 65 km SSE El Dorado, 
(6.17 N, 61.35 W): USNM 385005; Mount Roraima, Arabopo (5.1 N, 60.73 W): AMNH 
75681–75687; Rio Caroni, environs village Rio Claro (7.92 N, 63.02 W): L-1917, 1918, 
1920; Rio Supamo, 50 km SE el Manteco, (7.00 N, 62.25 W): USNM 385004; San 
Ignacio De Yuruaní (5.00 N, 61.00 W): USNM 448511, 448512, 448750; Santa Lucia De 
Surukun, 45 km NE Icabarú (4.55 N, 61.42 W): USNM 443781, 443782, 490247; 
 
 175 
Suapure, Cedeno (7.23 N, 65.17 W): AMNH 16953, 16954; 5.2 km San Ignacio de 
Yuruani (5.00 N, 61.00 W): AMNH 257201, 257203. 
Monodelphis domestica: BOLIVIA – Chuquisaca, Porvenir (20.75 S, 63.21 W; 675 m), 
AMNH 261231; Santa Cruz, Tita (18.42 S, 62.17 W; 300 m): AMNH 260024; BRAZIL 
– Bahia, Morro do Chapéu (11.55 S, 41.15 W): MZUSP MTR 22551, MTR 22558–
22560; Santo Inácio (11.10 S, 42.73 W): MZUSP 35061, MZUSP MTR 11314, 11223; 
Ceará, Pacoti, Serra de Batutité (4.24 S, 38.90 W): MZUSP 29470; Pacoti, Serra de 
Batutité, Sítio do Zé Carneiro (4.24 S, 38.92 W): MZUSP 29471; Goiás, Serra de Jaraguá, 
Fazenda Nova (15.78 S, 49.36 W): MPEG 34994; Mato Grosso, Chapada dos Guimarães 
(14.87 S, 55.80 W) MZUSP 35054, 35197; Cuiabá (15.58 S, 56.08 W): BMNH 
87.10.25.1—holotype of domestica Wagner, 1842; Mato Grosso do Sul, Fazenda Toboco, 
50 km N Aquidauana (20.07 S, 55.65 W, 142 m): MVZ 197457; Piauí, Bom Jesus, 
Estação Ecológica Uruçuí-Una (8.83 S, 44.17 W): MZUSP 30552, 30553; Brasileira, 
Parque Nacional de Sete Cidades (4.11 S, 41.68 W): LZUFPI 1098; Castelo do Piauí, 
Fazenda Bonito (5.23 S, 41.70 W): LZUFPI 201; José de Freitas, Nazareth Eco (4.80 S, 
42.63 W): LZUFPI 158; Serra das Confusões (8.68 S, 43.49 W): MZUSP PNSC 20, 49; 
União, Povoado São Vicente, Sítio Ouro Verde (4.90 S, 42.79 W): LZUFPI 146; 
Tocantins, Palmeirante, Fazenda Taboca (7.86 W, 47.93 W): MPEG 34983; Paranã 
(12.62 S, 47.88 W):  MZUSP 35055–35056; Peixe (12.03 S, 48.54 W): MZUSP 35057–
35058; PARAGUAY – Alto Paraguay, Fortín Pikyrenda (20.09 S, 61.79 W): TTU 
116524; Amambay, Estancia Ocaris, 3 km S by road from Bella Vista (20.15 S, 56.54 
W): MSB 82535; Boqueron, Parque Nacional Teniente Agripino Enciso (21.16 S, 61.52 
W): TTU 116523; Canindeyu, Reserva Mbaracayú, Nandurokai (24.09 S, 55.59 W): 
TTU 116525; Concepción, 7 km NE Concepción, Escuela Agropecuaria (23.36 S, 57.39 
W): MSB 82534. 
Monodelphis glirina: BOLIVIA – Pando, Santa Rosa (12.22 S, 68.40 W, 180 m): 
AMNH 262398, 262399; Independencia (11.43 S, 67.57 W, 170 m): AMNH 262397; 
BRAZIL – Acre, Sena Madureira, Bairro do Triângulo (9.07 S, 68.67 W): MPEG 
10694–10697; Sena Madureira, Rodovia Manoel Urbano, BR-364, Km 8 (8.88 S, 69.30 
W): MPEG 10553, 12738; Amazonas, Humaitá, Escola Agrotécnica, BR 319, Km 8 
(7.50 S, 63.02 W): MPEG 34395; Humaita, Br 230, Km 968 (7.52 S, 63.03 W): USNM 
545553; Humaita, Br 230, Km 969 (7.52 S, 63.03 W): USNM 545552; Humaita, Br 230, 
Km 970 (7.52 S, 63.03 W): USNM 545554; Humaita, Br 230, Km 974 (7.52 S, 63.03 W): 
MPEG 12745; Humaitá, BR 230, Km 150, Fazenda Vista Alegre, margem direita Rio dos 
Marmelos (7.96 S, 61.85 W): MPEG 22690; Mato Grosso, Alta Floresta (9.60 S, 55.93 
W): UFMG 2653, MVZ 197456; Apiacás (9.57 S, 57.39 W): MZUSP 35077–35080; 
Aripuanã (10.18 S, 59.45 W): MN 59608, MZUSP 35073–35075, USNM 545555–
545557, 545570–545582; Aripuanã, Cidade Laboratório de Humboldt (9.17 S, 60.63 W): 
MPEG 12718–12735, 12749, 12934, 12935, 12937–12940, 12952, USNM 545558–
545569; Juruena (10.32 S, 58.49 W): MN 59606–59607, MZUSP 35069, 35072, MZUSP 
APC 158, 159; Pará, Altamira, 18 km S e 19 km W, Agrovila da União (3.18 S, 53.75 
W): MPEG 15284, 15310, USNM 521431, 521508; Altamira, 19 km S e 18 km W, 
Agrovila da União (3.37 S, 52.38 W): MPEG 8934, 8936, 11528–11532, 15347, USNM 
521509, 521510; Altamira, 54 km S e 150 km W (3.68 S, 53.75 W): MPEG 8928–8933, 
8935, 8937, 8938, 11390, 15400–15404, 15465, 24014, USNM 519727, 519728, 521429, 
521430, 521501–521507; Canaã dos Carajás, Serra do Cristalino (6.41 S, 49.79 W): 
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MPEG 39951; Ilha do Marajó, Caldeirão (0.62 S, 51.05 W): BMNH 23.8.9.9—holotype 
of maraxina Thomas, 1923, BMNH 24.2.4.43; Itaituba (4.92 S, 55.6 W): MPEG 15234, 
15235; Itaituba, BR-165, estrada Santarém-Cuiabá, Km 446 (4.92 S, 55.6 W): MPEG 
12736, 12746–12748, 12932, 12933, 12941, 12943, 12946–12950; Itaituba, BR-165, 
estrada Santarém-Cuiabá, Km 446, Rio Jamanxizinho (4.92 S, 55.6 W): USNM 546192–
546208; Itaituba, BR-165, estrada Santarém-Cuiabá, Km 448 (4.92 S, 55.6 W): MPEG 
12737, 12928, 12944, 12945; Itaituba, Floresta Nacional do Crepori, Creporizão (6.56 S, 
57.00 W): MPEG 40574; Itaituba, Floresta Nacional do Crepori, Rio do Coxo (7.24 S, 
57.11 W): MHNCI 6218; Itaituba, Mirituba (4.28 S, 55.98 W): MPEG TF 04, 07; 
Itaituba-Altamira, Km 25 (4.33 S, 55.67 W): USNM 543299–543301; Itaituba-
Jacareacanga, Km 19 (4.3 S, 56.2 W): USNM 461664, 461665; Marabá, Serra dos 
Carajás (6.26 S, 50.27 W): MPEG 11824; Marabá, Serra dos Carajás, Noroeste II (6.00 S, 
50.21 W): MPEG 38928, 38955; Marabá, Serra dos Carajás, Serra Sul corpo A (6.00 S, 
50.21 W): MPEG 38948, 38988; Marabá, Serra dos Carajás, Barragem da Pêra (6.00 S, 
50.21 W): MPEG 38974, 38985; Marabá, Serra dos Carajás, N5E (6.00 S, 50.21 W) : 
MPEG 38956; Marabá, Serra dos Carajás, Bloco 3 (6.00 S, 50.21 W): MPEG 38953; 
Mojuí dos Campos (2.6 S, 54.71 W): MPEG 12586, 12742, 12743, USNM 545583; 
Santarém, Curuá-Una (2.83 S, 54.37 W): MPEG 11841, 11842, 15415–15421; Santarém, 
BR-165, estrada Santarém-Cuiabá (4.00 S, 54.67 W): MPEG 8091; Santarém, BR-165, 
estrada Santarém-Cuiabá, Km 212 (4.00 S, 54.67 W): MPEG 8678, USNM 544480; Km 
216 (4.00 S, 54.67 W) : MPEG 8092, 12717, 15236–15238, USNM 544486; Km 217 
(4.00 S, 54.67 W): MPEG 8082–8088, 8679, 8681, 15225, USNM 544478, 544479, 
544481–544485, 544487–544495; Santarém, BR-165, estrada Santarém-Cuiabá, Km 82 
(3.02 S, 54.96 W): MPEG 15230; Santarém, BR-165, estrada Santarém-Cuiabá, Km 84 
(3.02 S, 54.96 W): MPEG 8089, 15231–5233, USNM 461666–461670; Santarém, 
Belterra (2.65 S, 54.95 W): MPEG 11840; Santarém, Taperinha (2.53 S, 54.28 W): 
MPEG 313, 3381–3385, 5022–5025, MZUSP 3693; São Félix do Xingu, Gorotire, Rio 
Fresco (6.65 S, 51.98 W): MZUSP 9931; São Félix do Xingu, Nilo Peçanha, afluente 
esquerdo Rio Fresco (7.83 S, 51.5 W): MPEG 1318; São João do Araguaia, Fazenda São 
Raimundo (5.36 S, 48.79 W): MPEG 10134; Vitória do Xingu, Bom Jardim (3.40 S, 
51.75 W): MPEG 39750, 39757, 39771, 39780, 39784, 39786, 39813, 41525; Rondônia, 
Campo Novo de Rondônia, Pacaás Novos (10.48 S, 62.48 W): MPEG 39067, 39083, 
39097, 39107–39110, 39112, 39115, 39120–39123, 39133, 39140, 39150–39152, 39181, 
39192, 39202, 39206, 39216, 39217, MPEG AN 1007; Ouro Preto D'Oeste (10.66 S, 62.3 
W): MPEG 16116; Santa Bárbara (9.2 S, 62.9 W): MZUSP 20082, 20089, 20093; 
Vilhena, Fazenda Cachoeira (12.72 S, 60.12 W): MPEG 34932, 34934. 
Monodelphis palliolata: VENEZUELA – Aragua, Est. Biol. Rancho Grande, 13 km 
NW Maracay (10.35 N, 67.67 W): USNM 517244–517246, 517248–517251; Guamita, 8 
km NW Maracay (10.32 N, 67.63 W): USNM 517247; Ocumare De La Costa, 3 km S 
(10.40 N ,67.77 W): USNM 517242, 517243; Barinas, Altamira (8.83 N, 70.50 W): 
USNM 418492–418494, 418496, 418497; Carabobo, Las Quiguas (10.40 N, 68.00 W): 
USNM 296801; Montalban (10.20 N, 68.33 W): USNM 418486, 418489; Montalban, 1 
km E, Sanjon (10.20 N, 68.33 W) :USNM 418485; Montalban, 1 km S, Hato Laredo 
(10.20 N, 68.33 W): USNM 418490, 418491; Montalban, 1 km SE, El Merey (10.20 N, 
68.33 W): USNM 418487, 418488; Montalban, 4.5 km SE, Sabana Aguirre (10.18 N, 68. 
3 W): USNM 418484; Urama, 10 km NW, El Central (10.53 N, 68.38 W): USNM 
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372920, 372921; Distrito Federal, Hda. Carapiche, near El Limón, 48 km W Caracas 
(10.48 N, 67.32 W): USNM 385003; San Julian (0.62 N, 66.83 W): USNM 143800; 
Falcon, Boca De Yaracuy, 28 km WNW Pto. Cabello (10.58 N, 68.25 W): USNM 
371282; near La Pastora, 14 km ENE Mirimire (11.2 N, 68.62 W): USNM 418469, 
418470, 418474–418476, 418478; near Mirimire (11.17 N, 68.73 W): USNM 406905; 
Serranía de San Luis, Cabure (11.15 N, 69.62 W): AMNH 276508; Urama, 19 km NW, 
Km 40 (10.62 N, 68.4 W): USNM 372917; Guárico, Estación Biológica De Los Llanos 
(8.85 N, 67.38 W): KU 123941; Estación Biológica De Los Llanos (8.87 N, 67.38 W): 
USNM 443774–443777, 443780, 490240; Parque Nac. Guatopo, 15 km NW Altagracia 
(9.97 N, 66.42 W): USNM 385006; Merida, La Azulita (8.72 N, 71.45 W): FMNH 
22180–22182; Miranda, Birongo (10.48 N, 66.27 W): USNM 416935; Curupao, 5 km 
NNW Guarenas (10.52 N, 66.63 W): USNM 385007, 385100; Río Chico, 6 km SSE 
(10.27 N, 65.97 W): USNM 385008, 385009, 385012, 385013; Monagas, Caripito (10.13 
N, 63.1 W): AMNH 142610; Río Cocollar (10.17 N, 63.78 W): AMNH 69942; Sucre, 
Manacal, 26 km ESE Carupano (10.62 N, 63.02 W): USNM 406903, 406904; Táchira, 
San Juan de Colón (8.03 N, 72.26 W): FMNH 20524—holotype of palliolata Osgood, 
1914; Trujillo, La Ceiba, 52 km WNW Valera (9.52 N, 71.05 W): USNM 371293, 
371294; Valera, 12 km WNW, near Isnoto (9.35 N, 70.7 W): USNM 370015, 370016; 
Valera, 19 km N, near Agua Viva (9.52 N, 70.67 W): USNM 371285; Valera, 23 km 
NNW, Motatan river (9.53 N, 70.67 W): USNM 371283; Valera, 25 km NW, near Agua 
Santa (9.53 N, 70.67 W): USNM 370013; Valera, 30 km NW, near El Dividive (9.52 N, 
70.73 W): USNM 371289, 371291; Yaracuy, Minas De Aroa, 20 km NW San Felipe 
(10.42 N, 68.9 W): USNM 418479–418482, 490237; Zulia, Kasmera, 21 km SW 
Machiques (9.98 N, 72.72 W): USNM 418483, 490238; Mision Tukuko (9.83 N, 72.87 
W): USNM 448513–448518, 448751; Sierra de Perija, Río Cogollo (10.43 N, 72.00 W): 
FMNH 22178, 22179. 
Monodelphis sanctarosae: BOLIVIA – Santa Cruz, Santa Rosa de la Roca (15.83 S, 
61.45 W): AMNH 263548. 
Monodelphis touan: BRAZIL – Amapá, Callçoene (2.50 N, 50.95 W): USNM 543303; 
Ferreira Gomes, Floresta Nacional do Amapá, Igarapé do Braço (1.30 N, 51.59 W): IEPA 
165, 173; Ferreira Gomes, Rio Araguari, Fazenda Califórnia, 90 km leste Ferreira Gomes 
(0.90 N, 51.5 W): MZUSP 9933; Laranjal do Jari, Cachoeira Santo Antônio, Rio Jari 
(0.05 S, 51.60 W): IEPA 1166; Laranjal do Jari, Reserva Extrativista Cajari, Marinho 
(0.59 S, 52.24 W): IEPA 1143, 1156, 1157; Macapá (0.03 N, 51.05 W): MZUSP 9932; 
Macapá, Parque Zoobotânico de Macapá (0.83 N, 52.04 W): IEPA 19, 1158; Mazagão, Ig. 
Rio Branco, Boa Fortuna, Rio Maracá (0.30. S, 52.23 W): MPEG 2500, 2515; Pedra 
Branca do Amapari, Parque Nacional Montanhas do Tumucumaque, Rio Amapari (1.60 
N, 52.49 W): IEPA 305; Pedra Branca do Amapari, Parque Nacional Montanhas do 
Tumucumaque, Rio Anacui (1.84 N, 52.74 W): IEPA 909, 913; Porto Grande, Colônia 
Matapi (0.68 N, 51.43 W): MPEG 33907; Serra do Navio (0.98 N, 52.05 W): MN 24547, 
24548, 20221– 20227, MPEG 8682, 8683, 8772, 12929, 15218–15224, 15226–15229, 
20146, 20147, MZUSP 11692, USNM 393423–393436, 393438–393442, 461433–
461435; Serra do Navio (2.00 N, 52.00 W): USNM 392050, 392051; Tartarugalzinho 
(1.28 N, 50.80 W): MPEG AN 322, 337; Terezinha, Rio Amapari (0.97 N, 52.03 W): 
MZUSP 11693, 24151; Vitória do Jari, Reserva de Desenvolvimento Sustentável do Rio 
Iratapuru, Rio Cupixi (0.63 N, 51.80 W): IEPA 1154, 1155; Vitória do Jari, Reserva do 
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Desenvolvimento Sustentável do Rio Iratapuru, Rio Jari (0.28 N, 53.11 W): IEPA 307; 
Without locality data: MPEG 15217; Pará, Altamira, Cachoeira do Espelho, east bank 
Rio Xingu, 52 km SSW Altamira (3.65 S, 52.37 W): MZUSP 21284–21285, USNM 
549279–549280; Anapu, Caracol (3.45 S, 51.68 W): MPEG 39814, 39762, 39779, 39788, 
39789; Cametá, Rio Tocantins (2.25 S, 49.50 W): FMNH 140784; Marabá, Floresta 
Nacional do Tapirapé Aquiri, Igarapé Cotia (5.85 S, 50.54 W): MPEG 41549, 41560–
41561; Marabá, Floresta Nacional de Tapirapé Aquiri, Barragem de Finos (5.82 S, 50.49 
W): MPEG 41550; Marabá, Floresta Nacional de Tapirapé Aquiri, Barragem de Rejeitos 
(5.77 S, 50.51 W): MPEG 41551–41554, 41558–41559; Marabá, Floresta Nacional de 
Tapirapé Aquiri, Igarapé Mano (5.77 S, 50.56 W): MPEG 41555–41557; Marabá, 26 km 
N e 30 km W, near Itupiranga (5.1 S, 49.4 W): MPEG 10248, 10249, 11698, 11699; 
Marabá, 73 km N e 45 km W, near Jatobal (4.68 S, 49.53 W): MPEG 10247, 11289–
11293, USNM 519725, 519726, 521432; Ilha do Marajó, Chaves, Fazenda Tauari, baixo 
rio Cururu (0.43 S, 49.99 W): MPEG 40442; Ilha do Marajó, Chaves, Fazenda Tauari, 
baixo rio Cururu (0.42 S, 49.97 W): MPEG 40444–40445; Parauapebas, Floresta 
Nacional de Carajás (6.04 S, 50.57 W): MCN-M 1397, 2271; Portel, Floresta Nacional de 
Caxiuanã, Igarapé Caquajó (1.96 S, 51.62 W): MPEG 41512–41524, 41526–41527, 
41528–41548; Porto de Moz (1.75 S, 52.23 W): AMNH 95976; São Geraldo do Araguaia, 
Serra das Andorinhas (6.4 S, 48.53 W): MPEG 25402; Tucuruí, Vila Permanente (3.7 S, 
49.70 W): MPEG 12405; FRENCH GUIANA – Arataye, River Arataye, right bank 
(4.03 N, 52.70 W): USNM 578009; Cayenne, (4.93 N, 52.33 W): FMNH 21720—
neotype of touan Shaw, 1800; Montagne du Tigre (4.91 N, 52.29 W): ISEM V-1084; 
Camp du Tigre (4.91 N, 52.29 W): ISEM V-1563, 1568; Macouria, Savane (4.92 N, 
52.37 W): ISEM V-937; Paracou, near Sinnamary (5.28 N, 52.92 W): AMNH 267000; 
Saul (3.62 N, 53.22 W): ISEM V- 1125; Tamanoir, Mana River (5.15 N, 53.75 W): 
FMNH 21793. 
Monodelphis sp.3: BRAZIL – Roraima, Limão, Rio Cotinga (3.93 N, 60.50 W): 
AMNH 75520; Sumuru (4.18 N, 60.78 W): MPEG 34837, 34881. 
Monodelphis sp.4: BRAZIL – Amazonas, Igarapé Aniba (2.72 S, 58.82 W): MZUSP 
5648; Itacoatiara (3.13 S, 58.42 W): FMNH 20134, MPEG 7243, MZUSP 4513; Manaus 
(3.13 S, 60.02 W): MN 24555–24556, MPEG s/nº; Manaus, 80 km N (2.42 S, 59.83 W): 
USNM 579976 – 579979; Manaus, Conjunto Parque do Rouxinol (3.10 S, 60.02 W): 
INPA 2854; Santo Antônio de Amatary (2.6 S, 56.73 W): AMNH 92879; Urucará, 
Comunidade Marajatuba, left margin Rio Negro (2.38° S, 57.64° W): MPEG 40834. 
 
Subgenus Microdelphys 
Monodelphis americana: BRAZIL – Bahia, [without specific locality]: MACN-Ma 
24442, BMNH 55.11.26.9—holotype of rubida Thomas, 1899; Canavieiras, Fazenda 
Santa Clara (15.57 S, 39.07 W): UFMG [34]; Chapada Diamantina, Abaíra, Mata do 
Tijuquinho (13.27 S, 41.91 W): MN 67812, 67820–67821, 67823–67825, (13.28 S, 41.90 
W): MN 67836; Estação Ecológica Estadual Wenceslau Guimarães (13.58 S, 39.71 W): 
MTR 22034, 22215; Ilhéus (14.82 S, 39.03 W): MN 11075, 11483, 11498, 11505, 11524, 
MACN-Ma 17284; Ilhéus, Fazenda Pirataquissé (14.80 S, 39.12 W): MN 11179, 11485, 
11492; Ilhéus, Fazenda Santa Maria (14.71 S, 39.30 W; 33 m): MN 70051, (14.71 S, 
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39.32 W; 33 m): MN 70054; Ilhéus, Reserva Particular do Patrimônio Natural Salto 
Apepiqui (14.49 S, 39.14 W): UFMG [20]; Ilhéus, Urucutuca (14.65 S, 39.05 W): FMNH 
63767–63768, MN 20976; Itacaré, Fazenda Capitão (14.34 S, 39.09 W): UFMG [245–
247]; Itamari, Fazenda Alto São Roque (13.85 S, 39.67 W): UFMG 2081; Jaguaquara, 
Fazenda Vazante (13.53 S, 39.97 W): MN 24550–24551; Jussari, Reserva Particular do 
Patrimônio Natural Serra do Teimoso (15.19 S, 39.49 W): MN 29783, 29786–29787; 
Prado, Parque Nacional do Descobrimento (17.09 S, 39.26 W): UFMG [331], [364]; 
Salvador (12.81 S, 38.48 W): MCN-M 2149–2151, 2234, 2236), (12.81 S, 38.48 W): 
MCN-M 2152: Una, Fazenda Bolandeira (15.35 S, 39.00 W): UFMG 2006; Una, Reserva 
Biológica de Una (15.21 S, 39.17 W): UFMG 2003–2005; Una, Reserva Particular do 
Patrimônio Natural Ecoparque de Una (15.23 S, 39.38 W): UFMG 2082; Trancoso, 
Fazenda Nova Alegria (16.53 S, 39.12 W): MZUSP MTR 13506, 13509, 13557; Ceará, 
Serra de Batutité, município de Pacoti, Área do IBAMA (4.23 S, 38.92 W): MZUSP 
29461, 29466; Serra de Batutité, município de Pacoti, Sítio Friburgo, Grota do cafezal 
(4.22 S, 38.90 W): MZUSP 29462, 29467–29468; Serra de Batutité, município de Pacoti, 
Sítio Friburgo, Morro em frente à sede (4.23 S, 38.91 W): MZUSP 29465; Serra de 
Batutité, município de Pacoti, Pico Alto, Guaramiranga (4.21 S, 38.97 W): MZUSP 
29469; Distrito Federal, 20 km S of Brasilia (15.95 S, 47.93 W): OK 17376–17381; 
Espírito Santo, Mimoso do Sul, Mineroduto P. Neves (21.21 S, 41.28 W): MCN-M 
2559; Goiás, Annapolis (16.33 S, 48.97 W; 1000 m): AMNH 133241; Parque Nacional 
da Chapada dos Veadeiros, 14 km N, 5 km W de Alto Paraiso (14.02 S, 47.52 W): MN 
46570; Veadeiros (14.12 S, 47.52 W): MN 1313—lectotype of umbristriata Miranda-
Ribeiro, 1936, MN 1314; Minas Gerais, Aiuruoca (22.02 S, 44.61 W): MCM-M 1567, 
(22.04 S, 44.60 W): MCN-M 1606; Além Paraíba, Fazenda Cachoeirão (21.89 S, 42.70 
W): MN 69778; Além Paraíba, Fazenda São Geraldo (21.87 S, 42.68 W): MN 7568–
7569, 7571; Almenara, Fazenda Limoeiro (16.06 S, 40.86 W): MCN-M 1752; Barão de 
Cocais (19.95 S, 43.49 W): MCM-M 1616; Belo Horizonte, Mata do Barreiro - COPASA 
(19.97 S, 44.00 W): MCN-M 705, 716; Betim, Fazenda FUNED (19.87 S, 44.19 W): 
MCN-M 1470; Brumadinho (20.11 S, 44.13 W): MCN-M 1150, (20.08 S, 44.04 W): 
MCN-M 2025; Brumadinho, Mina de Jangoda (20.10 S, 44.09 W): MCN-M 2204; Caeté 
(20.01 S, 43.72 W): MCN-M 2166, 2518; Caratinga, Fazenda Montes Claros (19.79 S, 
42.14 W): UFMG 1217; Catas Altas (20.16 S, 43.47 W): MCN-M 1591, (20.13 S, 43.41 
W): MCN-M 2974; Catas Altas, Mina Fazendão, VALE (20.14 S, 43.41 W): MCN-M 
1102, 2975; Conceição do Mato Dentro (18.88 S, 43.40 W): MCN-M 1651, 2169, 2524, 
2853; Conceição do Mato Dentro, Mineroduto Minas Rio (18.88 S, 43.40 W; 647 m): 
MCN-M 2164; Conceição do Mato Dentro, Serra do Intendente (19.72 S, 43.00 W): 
MCN-M 2409, 2413–2414, 2422; Igarapé (20.07 S, 44.30 W): MCN-M 2477; Itabira 
(19.68 S, 43.25 W): MCN-M 1964 S, 2437; Mariana (20.38 S, 43.42 W): MZUSP 21939; 
Mariana, Mina Fábrica Nova (20.21 S, 43.44 W): MCN-M 2016; Mata da Prefeitura, 6 
km SW of Viçosa (20.78 S, 42.92 W): USNM 552400–552404; Nova Lima (20.17 S, 
43.97 W): MCN-M 2736; Nova Lima, Mata de Fechos (20.07 S, 43.96 W): MCN-M 591; 
Nova Lima, Mutuca, Copasa (19.98 S, 43.83 W): MCN-M 749; Pains (20.37 S, 45.66 
W): MCN-M 1688; Passos (20.72 S, 46.62 W; 728 m): MN 11728, 20971–20974, 
USNM 304593, 304595; Porto Novo (21.89 S, 42.70 W): MN 7312; Santa Bárbara, 
Estação de Pesquisa e Desenvolvimento Ambiental de Peti (19.97 S, 43.50 W): UFMG 
1435; Santa Bárbara, Parque Natural do Caraça (20.08 S, 43.50 W; 1300 m): UFMG 
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1930; Santa Maria de Itabira (19.40 S, 43.14 W): MCN-M 2825; São Gonçalo do Rio 
Abaixo, Mina de Brucutu (19.89 S, 43.43 W): MCN-M 2168; São Joaquim de Bicas 
(20.12 S, 44.25 W): MCN-M 2476; Serra do Cipó, Cabeça de Boi (19.44 S, 43.41 W): 
MZUSP MTR 23767; Pará, [without specific locality]: MN 1304–1305, MPEG 315–316, 
318, 327, 1975, 2573–2574, 3543, 15239, 24067, 37492; Baião (2.73 S, 49.58 W): 
AMNH 96810; Belém, BR 14, Km 94 (1.63 S, 47.50 W): AMNH 203354; Belém, 
Maracangalha (1.46 S, 48.50 W): AMNH 203353; Benevides (1.37 S, 48.25 W): AMNH 
37490; Dom Eliseu (4.21 S, 47.55 W): MPEG TGP 07; Vorsladt: AMNH 37491, MN 
1303; Patagonia, Km 72: AMNH 75170; Pernambuco, Caruaru, Fazenda Caruaru (8.28 
S, 35.98 W): MN 24544; Rio de Janeiro, Cambuci (21.57 S, 41. 92 W): MN 71941; 
Campo dos Goytacazes (21.75 S, 47.15 W): MCN-M 1650, 1779, 2167, (21.72 S, 47.26 
W): MCN-M 2128, 2131; Comendador Levy Gasparian, Fazenda Amazonas (22.04 S, 
43.19 W): MN 43899–43900; Itatiaia [“possibly”, specific locality unknown]: MN 
42026; Itatiaia, Parque Nacional do Itatiaia, Monte Serrat (22.38 S, 44.63 W): MN 
42027; Itatiaia, Parque Nacional do Itatiaia, Sede (22.50 S, 44.56 W): MN 78911, 
MZUSP 11695; Mangaratiba, Fazenda Bom Jardim (22.92 S, 44.11 W): MN 73745–
73750; Santo Antônio de Pádua (21.61 S, 42.20 W): MN 72722, 72731 (21.60 S, 42.20 
W): MN 72723–71724, 71727; Silva Jardim, Reserva Biológica de Poço das Antas 
(22.52 S, 42 28 W): UFMG 1588; Sumidouro (22.05 S, 43.00 W): MN 66070, 66072; 
Teresópolis (22.43 S, 42.98 W): FMNH 25739; Teresópolis, Fazenda Bôa Fé (22.43 S, 
42.98 W): MN 7250; São Paulo, [without specific locality]: MZUSP RL58; Biritiba 
Mirim (23.58 S, 46.03 W): MZUSP UNIBAN 2072, 2133, 2311; Cotia, Caucaia do Alto, 
Sítio Até que Enfim (23.53 S, 46.62 W): MZUSP 29202; Cotia, Reserva Morro Grande 
(23.60 S, 46.92 W): MZUSP 10206; Ipiranga (21.80 S, 47.70 W): MZUSP 1185; 
Jambeiro (23.25 S, 45.69 W): MZUSP 34229; Juquitiba (23.93 S, 47.07 W): MZUSP 
33097; Paraibuna (23.38 S, 45.66 W): MN 10988; Parelheiros (23.85 S, 46.73 W): 
USNM 484014; Parque do Estado (23.55 S, 46.64 W): UFSC 2584; Piquete (22.60 S, 
45.18 W): MZSUP 118, 1520; Piracicaba (22.72 S, 47.63 W): MZUSP 1516, 1518–1519, 
1523; São Luiz do Paraitinga, Fragmento Pantheon (23.21 S, 45.28 W): MZUSP 35046–
35047; Serra da Cantareira (21.85 S, 47.48 W): USNM 236676; Victoria (22.78 S, 48.40 
W): BMNH 37.2.5.12, 37.2.5.13; Ubatuba (23.43 S, 45.07 W): MZUSP 1855; Sergipe, 
Estação Ecológica Serra de Itabaiana (10.67 S, 37.42 W): MPEG 26349; Fazenda 
Cruzeiro, 13 km SSL de Cristinápolis (11.48 S, 37.77 W): MN 30553–30555; Unknown 
locality: MPEG 43018, MZUSP 35197, ZMB 2333—holotype of tristriata Illiger, 1815. 
Monodelphis gardneri: PERU – Junín, Cordillera Vilcabamba (11.55° S, 73.63° W): 
USNM 582109. 
Monodelphis iheringi: BRAZIL – Espírito Santo, Santa Leopoldina, Chaves (20.10 S, 
40.53 W): MZUSP 6674; Lagoa Juparanã, Sant'Anna (19.58 S, 40.30 W): MN 1307; Rio 
de Janeiro, Angra dos Reis, Ilha Grande, Praia Vermelha (23.16 S, 44.35 W): MN 
24400; Angra dos Reis, Ilha Grande, Vila Dois Rios (23.18 S, 44.19 W): MN 46851; 
Cachoeiras de Macacu, Guapiaçu, Reserva Ecológica do Guapia u (22.45 S, 42.77 W): 
MN 71793, 71795, 71814, 71816, 71830; Cachoeiras de Macacu, Parque Estadual dos 
Três Picos (22.45 S, 42.65 W): MN 71947; Casimiro de Abreu, Morro de São João 
(22.54 S, 42.03 W): MN 71804; Guapimirim, Centro de Primatologia (22.49 S, 42.92 W): 
MN 71794; Guapimirim, Trilha do Sete, Garrafão (22.48 S, 43.00 W): MN 73751; Ilha 
Grande (23.12 S, 44.17 W): MZUSP 1979; Jacarepaguá, Represa Covanca (22.91 S, 
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43.33 W): MN 24545; Pacamiri (22.64 S, 43.78 W): MCN-M 2026; Parati, Parque 
Nacional Serra da Bocaina (23.20 S, 44.83 W; 801m): MN 77794; Parati, Pedra Branca 
(23.22 S, 44.72 W): MN 6221, 8203; Pedra Branca, Colônia Juliano Moreira (22.93 S, 
43.40 W): MN 66077; Restinga de Marambaia (23.08 S, 44.00 W): MN 1308; Santa 
Maria Madalena, Parque Nacional do Desengano (22.00 S, 42.00 W): MN 71935; Serra 
do Mendanha (22.83 S, 43.56 W): MN JFV 371, 372; Teresópolis (22.43 S, 42.98 W): 
MN 1309; Tijuca, Trapicheiro (22.94 S, 43.23 W): MN 10305; Rio Grande do Sul, 
Taquara (29.65 S, 50.78 W): BMNH 82.9.30.43—holotype of iheringi Thomas, 1888b; 
Santa Catarina, Brusque, Reserva Particular do Patrimônio Natural Chácara Edith (27.10 
S, 48.88 W; 65 m): UFSC 4604–4605, 4681–4682; Colônia Hansa (26.43 S, 49.23 W): 
MZUSP 847, 873, 1095; Guaramirim (26.44 S, 48.98 W): UFSC 5589–5591, 5704; 
Hammonia (27.06 S, 49.51 W): MZUSP 3417; Joinville (26.30 S, 48.83 W): MZUSP 
3421, 17423, MN A 180; Joinville, Campus da Universidade Federal de Santa Catarina 
(26.40 S, 48.84 W): UFSC 4585; Palhoça, Baixada do Maciambu, Parque Estadual da 
Serra do Tabuleiro (27.83 S, 48.62 W): UFSC 4055, (27.86 S, 48.62 W): UFSC 4600, 
(27.84 S, 48.62 W): UFSC 5192, 5235, 5435–5438; Praia Grande (29.18 S, 50.00 W): 
UFSC 5756; Reserva Biológica Estadual do Aguaí (28.65 S, 49.67 W); Santo Amaro da 
Imperatriz, Caldas da Imperatriz (27.74 S, 48.81 W): UFSC 3797, 4586–4587, 4678–
4680, 4858, [144], (27.73 S, 48.81 W): UFSC 857–858; São Francisco do Sul (26.26 S, 
48.61 W): UFSC 5592–5593; Siderópolis, Barragem do Rio São Bento (28.61 S, 49.59 
W): UFSC 4607, 4863; São Paulo, Iguape (24.72 S, 47.55 W): MZUSP 1517, 1521; 
Iporanga (21.80 S, 47.70 W): FMNH 94736; Natividade da Serra, Parque Estadual da 
Serra do Mar, núcleo Santa Virginia, base Itamambuca (23.32 S, 45.09 W): MN 78960; 
Natividade da Serra, Parque Estadual da Serra do Mar, núcleo Santa Virginia, base 
Vargem Grande (23.44 S, 45.24 W): MN 78957–78959; Parque Estadual Carlos Botelho 
(24.12 S, 47.79 W): MZUSP CB 14, 17, 35; Perus (23.42 S, 46.75 W): MZUSP 11; 
Ribeirão da Lagoa (23.68 S, 45.93 W): USNM 484015; São Bernardo do Campo, Riacho 
Grande (23.80 S, 46.58 W): MZUSP 30638; Ubatuba, Parque Estadual da Serra do Mar, 
Núcleo Picinguaba, casa da farinha, trilha do Vietnã (23.33 S, 44.83 W): 69875; 
Unknown locality: MZUSP ARP 22, MZUSP 32839, 32848, USNM 114846. 
Monodelphis scalops: ARGENTINA – Misiones, Parque Nacional Iguazu (25.68 S, 
54.27 W): MACN-Ma 23638, masto 213; Puerto Península (25.67 S, 54.63 W): MACN-
Ma 22473; BRAZIL – Espírito Santo, Santa Tereza, Mata da Caixa D'Agua (19.92 S, 
40.60 W): MN 59108; Minas Gerais, Simonésia, Reserva Particular do Patrimônio 
Natural Mata do Sossego (20.07 S, 42.07 W): UFMG 2251; Paraná, Ortigueira (24.20 S, 
50.92 W): MZUSP 31624, 31628, 31634, 31648; Telêmaco Borba, Fazenda Monte 
Alegre (24.32 S, 50.62 W): MN 68215, 68228, 68268; Rio de Janeiro, [without specific 
locality]: MN 81040–81041; Corcovado (22.95 S, 43.21 W): MN 24546; Itatiaia 
[“possibly”, specific locality unknown]: MN 42032; Itatiaia, Parque Nacional do Itatiaia, 
Monte Serrat (22.38 S, 44.63 W): MN 42023, 42025; Nova Friburgo, Fazenda Rio 
Grande (22.27 S, 42.53 W): MN 68121; Nova Friburgo, Salinas, Três Picos (22.35 S, 
42.59 W): MN 80392; Parati, Parque Nacional da Serra da Bocaina (23.19 S, 44.84 W): 
MN 81481; Parati, Pedra Branca (23.19 S, 44.84 W): MN 6102, 6419; Petrópolis (22.51 
S, 43.18 W): MN 10209; Teresópolis (22.43 S, 42.98 W): MN 1301, 1302, 1310, BMNH 
51.7.21.23, 51.8.30.10—holotype of scalops Thomas, 1888b; Teresópolis, Fazenda Bôa 
Fé (22.43 S, 42.98 W): MN 7233, 7245–7247, 7249; Teresópolis, Fazenda C. Guinle 
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(22.43 S, 42.98 W): MN 7248; Teresópolis, Organ Mts (22.43 S, 42.98 W): BMNH 
21.8.6.2—holotype of theresa Thomas, 1921; Santa Catarina, [without specific locality]: 
MN JFV 379; Chapecó, margem direita da foz do rio Monte Alegre (27.24 S, 52.59 W): 
UFSC 3379–3380, 3858–3859, 4056, 5193; Guatambu (27.18 S, 52.77 W): UFSC 3860; 
Guatambu, UHE foz do rio Chapecó (27.18 S, 52.78 W): UFSC 4836; Itapema (27.09 S, 
48.60 W): UFSC 4369; Praia Grande (29.18 S, 50.00 W): UFSC 4859; Reserva Biológica 
Estadual do Aguaí (28.65 S, 49.67 W): UFSC 5594–5595; Santo Amaro da Imeratriz, 
Hotel Plaza Caldas da Imperatriz (27.63 S, 48.80 W): UFSC 3533; Santo Amaro da 
Imeratriz, Hotel Plaza Caldas da Imperatriz, próximo à Pousada da Mata (27.74 S, 48.81 
W): UFSC 3344, 3798; Santo Amaro da Imeratriz, Parque Estadual da Serra do Tabuleiro 
(27.74 S, 48.81 W): UFSC 4676–4677; Xaxim, Linha Voltão, PCH Arvoredo (27.04 S, 
52.46 W): UFSC 3915–3916, 4965; São Paulo, Buri (23.81 S, 48.70 W): MZUSP 31681; 
Capão Bonito, Fazenda Intervales, base do Carmo (24.33 S, 48.42 W): MZUSP 29201; 
Cotia, Reserva Morro Grande (23.60 S, 46.92 W): MN 78679; Estação Ecológica de 
Boracéia, Salesópolis (22.65 S, 45.90 W): MZUSP 32033; Estação Biológica de Boracéia, 
stream S morro (22.65 S, 45.90 W): FMNH BDP 3282; Ilha do Cardoso, Cachoeira trail 
(25.15 S, 48.01 W): FMNH 141587; Natividade da Serra, Parque Estadual da Serra do 
Mar, núcleo Santa Virginia, base Vargem Grande (23.44 S, 45.24 W): MN 78961; Parque 
Estadual Carlos Botelho (24.12 S, 47.79 W): MZUSP CB 15; Parque Estadual de Ilhabela, 
Ilha de São Sebastião (23.82 S, 45.35 W, 650 m): MVZ 182775–182776, MZUSP 29200, 
29203; Piedade (23.85 S, 47.47 W): MZUSP 31095, 31098, 31128, 31130–31131, 31135, 
31170, 33087, 33088, 33089; São Bernardo do Campo, Riacho Grande (23.80 S, 46.58 
W): MZUSP 30629, 30652, 30702, 30712, 30748, 30757, 30759; São Luiz do Paraitinga, 
Fragmento Sidney (23.26 S, 45.32 W): MZUSP 35051; São Sebastião (23.83 S, 45.30 
W): MZUSP 1528; Unknown locality: MZUSP EDH 404. 
 
Subgenus Monodelphiops 
Monodelphis dimidiata: ARGENTINA – [without specific locality]: MN 32853; 
Buenos Aires, Partido Balcarce (37.78 S, 58.24 W): CM 86609–86611, MSU 17469–
17470, 17586, 17599, 17887, 18262, 18339, 18524–18525, 18579, 18652, 18691, 18781, 
18789, 19182, 19228, 19230–19231, 20247–20250; Partido de General Pueyrredón 
(38.00 S, 57.75 W): CM 86608; Tambo Nuevo, Pergamino (33.97 S, 60.58 W): MN 
24605; Misiones, Caraguatay, Rio Paraná (26.62 S, 54.77 W; 100 m): FMNH 44774; 
Santa Fé, Uranga (33.27 S, 60.72 W): MSB 140303, 140307; BRAZIL – Minas Gerais, 
Passos (20.72 S, 46.62 W; 428 m): MN 20975, USNM 304594; Paraná, São Mateus do 
Sul, UN-SIX Petrobrás (25.82 S, 50.43 W): UFSC 4608, (25.82 S, 50.42 W): UFSC 5194, 
(25.86 S, 50.41 W): UFSC 5195, (25.85 S, 50.42 W): UFSC 5196, (25.82 S, 50.45 W): 
UFSC 5931; Rio de Janeiro, Alto do Itatiaia, Pico das Agulhas Negras (22.38 S, 44.63 
W): AMNH 61546; Cachoeiras de Macacu, Parque Estadual dos Três Picos (22.45 S, 
42.65 W): MN 80409; Itatiaia, Campo Belo (22.50 S, 44.57 W): USNM 461068—
holotype of itatiayae Miranda-Ribeiro, 1936; Itatiaia, Parque Nacional do Itatiaia (22.50 
S, 44.56 W): MN 24552–24553, 71746–71747; Itatiaia, Parque Nacional do Itatiaia, 
Abrigo Rebouças (22.50 S, 44.56 W): MN 69747, 69684, 69678, 69694; Itatiaia, Parque 
Nacional do Itatiaia, Sede (22.50 S, 44.56 W): MN 42021, 42028; Itatiaia, Parque 
Nacional do Itatiaia, Monte Serrat (22.38 S, 44.63 W): MN 42024; Resende, Sítio 
 
 183 
Saanela, Margem direita do Rio Parnaiba do Sul (22.46 S, 44.45 W): MN 29814; 
Visconde de Mauá (22.33 S, 44.54 W): MN 71865; Rio Grande do Sul, [without specific 
locality]: MN 1312, USNM 114845; Bento Gonçalves (29.17 S, 51. 52 W): MZUSP 
3286; Cambará do Sul, Parque Nacional da Serra Geral, Campo Limpo do Arroio do 
Segredo, Canion Fortaleza (29.05 S, 50.15 W): MN 78493, 78518, 78520, 78536, 78547–
78549, 78558; São Francisco de Paula, CPCN Pró Mata (29.50 S, 50.17 W): MN 68937; 
São Lourenço (31.37 S, 51.97 W): MZUSP 1427, 1435, 1440; Taquara (29.65 S, 50.78 
W): BMNH 82.9.3.37—holotype of henseli Thomas, 1888b, ZMB 4307—holotype of 
sorex Hensel, 1872; Santa Catarina, Anitápolis (27.87 S, 49.14 W): UFSC 3467; 
Chapecó, UHE Foz do Rio Chapecó (27.25 S, 52.65 W): UFSC 4835; Concórdia, Sede 
Brum (27.23 S, 52.02 W): UFSC 3428; Ipuaçu, UHE Quebra Queixo (26.66 S, 52.56 W): 
UFSC 5055; Passos Maia, PCH Passos Maia, Rio Chapecó (26.71 S, 51.92 W): UFSC 
4609, 4822–4823, (26.71 S, 51.91 W): UFSC 4833–4834; Praia Grande (29.18 , 50.01 
W; 855 m): UFSC 4860, (29.17 S, 50.03 W; 1000 m): UFSC 4861–4862, 5755; Rancho 
Queimado, Alto da Boa Vista (27.71 S, 49.15 W): UFSC 3696, 3799; São Joaquim, 
Morro da Igreja (28.11 S, 49.50 W; 1603 m): UFSC 5740; São Joaquim, Parque Nacional 
de São Joaquim (28.16 S, 49.65 W): UFSC 5579, (28.16 S, 49.64 W): UFSC 5580, 5582, 
5586, (28.17 S, 49.65 W): UFSC 5581, 5584–5585, (28.15 S, 49.64 W): UFSC 5583; São 
José do Cerrito (27.53 S, 50.83 W): UFSC 3700; Urubici (28.08 S, 49.63 W; 1485 m): 
UFSC 5712; Urubici, Campo próximo à entrada do CINDACTA (28.13 S, 49.48 W): MN 
78578, 78587–78589, 78622, 78595, 78605; Urubici, Parque Nacional de São Joaquim, 
Fazenda Caiambora (28.02 S, 49.59 W): MN 78569, 78574–78577, 78580, 78586, 78603, 
78618; Vargem (27.50 S, 50.88 W): UFSC 5056; Xavantina, PCH Plano Alto (26.96 S, 
52.34 W): UFSC 3777–3778, 3880, 3824–3828, 4057, 4058; São Paulo, Biritiba Mirim 
(23.58 S, 46.03 W): MZUSP UNIBAN 2575–2576; Casa Grande (23.97 S, 47.27 W): 
MN 24549; Casa Grande, Boracéia (23.97 S, 47.27 W): USNM 460504; Caucaia do Alto 
(23.73 S, 47.05): MZUSP 34189, 34214; Estação Biológica de Boracéia, Poço Preto 
(22.65 S, 45.90 W): FMNH 145326; Ex Prefeitura Municipal [not located]: MZUSP 
13666; Freguesia do Ó (23.48 S, 46.70 W): MZUSP 7671; Ibiti [Monte Alegre do Sul] 
(23.53 S, 46.62 W): MZUSP 6611–6612—type series of paulensis; Ipiranga (21.80 S, 
47.70 W): MZUSP 2563; Jundiaí, ex Instituto Biológico [not located, ploted as Jundiaí] 
(23.18 S, 46.87 W): MZUSP 17501; Mogi das Cruzes (23.52 S, 46.18 W): MZUSP 
4146—type series of paulensis; Parque Continental, Guarulhos (23.44 S, 46.56 W): 
MZUSP 31865; Parque Estadual de Campos do Jordão, Guaratinguetá (22.72 S, 45.46 
W): MZUSP 32576, 32579, 34257; Pinhal (22.20 S, 46.75 W): MZUSP 7434; Piquete 
(22.60 S, 45.18 W): MN 23869, MZUSP 25—type series of paulensis Vieira, 1950, 
MZUSP 1526; Ribeirão da Lagoa (23.68 S, 45.93 W): USNM 484016; São Bernardo do 
Campo, Riacho Grande (23.80 S, 46.58 W): MZUSP 30698, 30726; São Luiz do 
Paraitinga, Fragmento Matilde (23.22 S, 45.31 W): MZUSP 35053; PARAGUAY – Alto 
Paraná, Puerto Yaguarazapá [not located]: MZUSP 2823; Canindeyú, Reserva de 
Biosfera del Bosque Mbaracayú, Puesto Karapa (24.12 S, 55.51 W; 391 m): TTU 
116522; Itapúa, 3.2 km N, 0.4 km E Ape Aimé (26.54 S, 55.85 W; 150 m): TTU 116520; 
Estancia Parabel (26.36 S, 55.52 W; 420 m): TTU 116520; URUGUAY – Canelones, 
Soca (34.68 S, 55.68 W): AMNH 208970; La Pampa, Caleufú (35.58 S, 64.50 W): 
BMNH 24.4.5.1—holotype of fosteri Thomas, 1924; Maldonado (34.90 S, 54.95 W): 
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BMNH 55.12.24.72—holotype of dimidiata Wagner, 1847; Unknown locality: MN 8270, 
43943, MZUSP 2820, SAPO 083, SAPO 111. 
Monodelphis unistriata: ARGENTINA – Misiones, [“Misiones, alrededores”]: MACN-
M 250; BRAZIL – São Paulo, Itararé (24.12 S, 49.33 W): NMW B-1063—holotype of 
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TABLE 1. Species-group Classification of Monodelphis. 




     M. adusta 
     M. handleyi 
     M. kunsi 
     M. osgoodi 
     M. peruviana 
     M. pinocchio 
     M. reigi 




     M. americana 
     M. gardneri 




     M. arlindoi 
     M. brevicaudata 
     M. domestica 
     M. palliolata 
     M. touan 
     M. “species 3” 
     M. “species 4” 
Sequenced species unassigned to group: 
     M. dimidiata
d
 
     M. emiliae
e
 




     M. ronaldi  
     M. unistriata 
 
a
 Equivalent to “Clade E” of Pavan et al. (2014) and the combined “adusta” and 
“kunsi” complexes of Vilela et al. (2015). 
b
 Equivalent to “Clade D” of Pavan et al. (2014) and the “americana complex” of 
Vilela et al. (2015). 
c
 Equivalent to “Clade F” of Pavan et al. (2014) and the “brevicaudata complex” 
of Vilela et al. (2015). 
d
 “Clade B” of Pavan et al. (2014). 
e
 “Clade A” of Pavan et al. (2014). 
f







TABLE 2. Diagnostic Characters of Subgenera of Monodelphis Recognized in this Study. 
 Mygalodelphys 
Pyrodelphys Monodelphis Microdelphys Monodelphiops 
Dorsal body pelage unpatterned reddish head & rump 
reddish sides or 
unpatterned 
stripes, reddish head & 
rump, or unpatterned 
reddish sides with or 





 absent absent absent absent 
Pectoral mammae absent absent absent present or absent
a,b
 present 
Thenar & 1st interdigital 
pads of hind foot 
separate fused or in contact separate separate separate 
Hypothenar pad of hind 
foot 
present usually present usually absent variable
a
 absent 
Extension of body pelage 
onto tail 
farther ventrally than 
dorsally 
farther dorsally or to 
about the same extent 
farther dorsally or to 
about the same extent  
to about the same extent 
dorsally and ventrally 
to about the same extent 
dorsally and ventrally 
Tail scale arrangement variable
a,b
 annular annular annular spiral 
Infraorbital foramen dorsal to M1 dorsal to M1 dorsal to P3 or P3/M1 usually dorsal to M1 dorsal to P3 or M1 
Frontal process of the 
jugal 
low high, rounded high, rounded high, acutely pointed high, rounded 








Pyrodelphys Monodelphis Microdelphys Monodelphiops 
Incisive foramina lenght variable
a





 short usually long long short 
Sphenorbital fissure narrow broad broad broad broad 




 distinct distinct indistinct distinct 







small large small large variable
b
 
Anterior process of 
malleus 
exposed concealed exposed concealed variable
b
 
Rostral tympanic process 
of petrosal 
triangular broad and rounded triangular broad and rounded roughly triangular 
Stapes columelliform columelliform triangular columelliform columelliform 
Subsquamosal foramen large small large large large 
Anterior cingulids narrow broad broad broad broad 




small & incompletely 
molariform  
large & molariform 
small & incompletely 
molariform 




 Differs among member species. 
b









TABLE 3. Geographic Distribution of the Subgenera of Monodelphis
a
. 
 Andes N Venezuela Guiana Highlands Amazonia Arid Diagonal Atlantic Forest Pampas 









Pyrodelphys    (X)
f
    
Monodelphis  X  (X)
g
 X   
Microdelphys (X)
h




 X  






 Key: X = present; (X) = present but not throughout region. 
 
b
 Possibly widespread but currently known from only two localities. 
 
c
 Not known to occur in NE Amazonia. 
d
 Not known to occur at the Caatinga. 
e
 Not known to occur in N Atlantic Forest. 
 
f
 Only in SW and SE Amazonia. 
 
g
 Not known to occur in NW Amazonia. 
 
h
 Only known from a few localities in central Peru.  
i
 Restricted to the lower Tocantins 
 
j





FIGURE 1. Species of Monodelphis with alternative dorsal color patterns: (A) M. domestica 
(unpatterned dorsal pelage); (B) M. touan (grizzled-grayish middorsum contrasting with reddish 
flanks); (C) M. emiliae (grayish midbody contrasting with reddish head and rump); (D) M. 
americana (dark longitudinal stripes). Photo credits (clockwise from top left): T. Semedo, S. 





FIGURE 2. Ventral views of skins illustrating variation in pelage color and ventral markings in 
Monodelphis. The color of the ventral fur is almost the same as the color of the flanks in M. 
handleyi (A, MUSM 23810) and M. glirina (B, MVZ 197456), and sharply differentiated in M. 
touan (C, USNM 549280). The ventral region is uniformly colored in M. glirina and M. touan, 
but a self-whitish midventral marking that contrasts with the remaining ventral pelage is 





FIGURE 3. Plantar views of the left feet in Monodelphis, illustrating taxonomic differences in 
pedal pad morphology (pointed by arrows). The thenar (th) and first interdigital pad (ip1) are 
fused in M. emiliae (A, MZUSP 35062), and separated from one other in M. americana (B, 
MZUSP 29469) and other species of Monodelphis. The hypothenar pad (hy) is absent in M. 






FIGURE 4. Tail surface in Monodelphis glirina (A, MZUSP MTR 10164) and M. dimidiata (B, 
MZUSP 34257), showing tail scales arranged in annular series in M. glirina, and in spiral series 






FIGURE 5. Right lateral view of the rostrum in Monodelphis adusta (A, USNM 179609) and M. 
unistriata (B, MACN-Ma 250), illustrating differences on the position of the infraorbital foramen 





FIGURE 6. Left lateral cranial view of Monodelphis emiliae (A, MUSM 13298), M. peruviana 
(B, FMNH 172032) and M. gardneri (C, USNM 582109), illustrating differences on the frontal 
process of the jugal. In M. emiliae and M. gardneri, the frontal process of jugal (fpj) is higher 
than the zygomatic process of squamosal (zps), while in M. peruviana, the frontal process of 
jugal and the zygomatic process of squamosal are about the same height. Additionally, in M. 
emiliae the frontal process of jugal is rounded, while in M. gardneri the frontal process of jugal 







FIGURE 7. Left lateral cranial view of Monodelphis americana (A, AMNH 63767) and M. 
handleyi (B, AMNH 276709), illustrating alternative patterns of contact among the parietal (par), 
mastoid (mas), interparietal (ip), and squamosal (sq). In M. americana (and most other species 
of Monodelphis) the parietal is in contact with the mastoid, while in M. handleyi and other 
species of the subgenus “adusta”, the interparietal is in contact with the squamosal. Other 





FIGURE 8. Ventral rostral view of Monodelphis dimidiata (A, UFSC 4861), M. americana (B, 
MCN-M 1591), and M. pinocchio (C, MN 78651), illustrating differences in lenght of palatal 
foramina and fenestrae. Incisive foramina (if) are short, extending to a point between the left and 
right paracanine fossae in M. dimidiata, and long, extending posteriorly between the canines in 
M. americana and M. pinocchio. Maxillopalatine fenestrae (mp) are short, extending from M1 to 
M3 in M. dimidiata, and long, extending from P3 or P3/M1 commissure to M3 in M. americana 
and M. pinnochio. Other abbreviations: C1, upper canine; P3, upper third premolar; M1, upper 





FIGURE 9. Ventrolateral cranial view of Monodelphis americana (A, AMNH 75170), and M. 
handleyi (B, AMNH 276709), illustrating variation on the size of sphenorbital fissure (sof). In M. 
americana, the sphenorbital fissure is large, and the basispheniod (bs) is laterally exposed. In M. 
handleyi, the sphenorbital fissure is small, with it’s lateral margin produced more anteriorly on 
the orbital floor, concealing the basisphenoid laterally. Other abbreviations: als, alisphenoid; os, 





FIGURE 10. Ventral cranial view of old adult males of Monodelphis touan (A, USNM 393441) 
and M. americana (B, UFMG 2004), illustrating the presence of an infratemporal crest of 
alisphenoid (ica) in M. touan. The crest is absent or indistinct in M. americana (and other species 






FIGURE 11. Ventral view of the left ear region in Monodelphis glirina (A, AMNH 262388) and 
M. americana (B, MZUSP 2139), illustrating taxonomic differences on the formation of the 
secondary foramen ovale and on bullae morphology. In M. glirina (and most other species of 
Monodelphis) the extracranial course of mandibular nerve is not enclosed by bone, and there is 
no secondary foramen ovale. In M. americana, however, a secondary foramen ovale is formed by 
an anteromedial bullar lamina (lam). Additionally, M. glirina has a small timpanic wing of the 
alisphenoid (twa), separated by a wide gap from the rostral tympanic process of petrosal (rtp), 
which is narrow, triangular-shaped, and does not conceal the fenestra cochleae (fc) in ventral 
view. M. americana, however, has a large alisphenoid timpanic wing narrowly separated from 
the rostral tympanic process of petrosal, which is broad and rounded, and conceals the fenestra 





FIGURE 12. Ventral view of the left ear region in Monodelphis glirina (A, AMNH 262397) and 
M. scalops (B, MVZ 182776), showing tip of the anterior process of the malleus (apm) exposed 
distally between the ectotympanic (ect) and the timpanic wing of the alisphenoid (twa) in M. 






FIGURE 13. Oclusal view of the mandibular dentition of juvenile specimens of Monodelphis 
emiliae (A, AMNH 94293), M. glirina (B, AMNH 262397), M. dimidiata (C, MSU 17469), M. 
scalops (D, FMNH BDP3282), M. reigi (E, ROM 114699), and M. handleyi (F, AMNH 276704), 
illustrating variation on the morphology of the lower molars (m1-m4) and deciduous premolar 
(dp3). The anterior cingulid of the lower molars (arrows) are broad, well-developed in M. 
emiliae, M. glirina, M. dimidiata, and M. scalops, but narrow in M. reigi and M. handleyi. Dp3 is 
narrow, with an incomplete (bicuspid) trigonid and a minimally differentiated anterior cingulid 
in M. emiliae, M. dimidiata, M. scalops, and M. reigi. In M. glirina and M. handleyi, however, 
dp3 is robust, with a complete (tricuspid) trigonid and a well-developed anterior cingulid. Scale 









FIGURE 14. Lingual view of the right mandibula of juveniles of Monodelphis scalops (A, 
FMNH BDP3282) and M. handleyi (B, AMNH 276704), illustrating taxonomic differences on 
the development of entoconid (arrows) on m1–m3, which is a distinct cusp as tall as the 





FIGURE 15. Dorsal (A) and ventral (B) views of skin of a freshly dead specimen of 
Monodelphis (Pyrodelphys) emiliae, illustrating the reddish head and rump upperparts and the 
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A new species of the didelphid marsupial genus Monodelphis is described from 
southeastern Brazil. The new species is closely related to Monodelphis kunsi Pine, 1975, and 
other members of the M. adusta group, but differs from those species and from other congeneric 
taxa by unique external and cranial characters and by cytochrome-b and nuclear DNA sequences. 
Diagnostic morphological characters of the new species include uniformly brownish dorsolateral 
pelage without distinct stripes or other sharp pigment discontinuities; diminutive eyes and ears; a 
remarkably long and narrow rostrum; apparent loss of an interparietal ossification; and the 
presence of diastemata between C1 and P1, P1 and P2, c1 and p1, p1 and p2, and p2 and p3. The 
new species is known from the Atlantic Forest (Mata Atlântica) of southeastern Brazil, where it 
occurs sympatrically with four other congeners (M. americana, M. iheringi, M. scalops, M. 






Short-tailed opossums (Monodelphis) represent one of the most speciose genera of New 
World marsupials and occur in a wide variety of habitats from eastern Panama to northern 
Argentina. Currently, 21 named species of Monodelphis are recognized in six major clades, as 
indicated by recent phylogenetic analyses of the genus based on dense taxonomic sampling and 
multiple unlinked genes (Pavan et al., 2014). In addition, it has been suggested that four 
divergent genetic lineages represent undescribed taxa: of these, “species 1” and “species 2” 
belong to the M. adusta group, whereas “species 3” and “species 4” belong to the M. 
brevicaudata group (Pavan et al., 2014: fig. 2).  
Monodelphis “species 1” was first mentioned in an unpublished thesis by Gomes (1991), 
who called it “Monodelphis macae” (an unavailable manuscript name) based on a specimen from 
Macaé, Rio de Janeiro. Subsequently, the species was referred to by Pine and Handley (2008) as 
“Monodelphis species E” based on a specimen from Itatiaya, Rio de Janeiro. Later, Pavan et al. 
(2014) included three representatives of this taxon (from São Paulo, Minas Gerais, and Espírito 
Santo) in their phylogenetic analyses, providing genetic evidence for its distinctive sequence 
characteristics, and recovering this lineage as sister to an ecogeographically widespread species, 
M. kunsi Pine, 1975 (fig. 1). Most recently, Vilela et al. (2015) included yet another specimen 
(from São Paulo) in their phylogenetic analyses, which essentially corroborated Pavan et al.’s 
(2014) results concerning its phylogenetic relationships. 
Morphological examination of specimens corresponding to “Monodelphis macae” of 
Gomes (1991), “Monodelphis species E” of Pine and Handley (2008), and “species 1” of Pavan 
et al. (2014) and Vilela et al. (2015) have revealed that this form is distinctive in several cranial 




MATERIAL AND METHODS 
Specimens listed in this report are deposited in the following collections (in the United 
States except as noted otherwise): AMNH (American Museum of Natural History, New York); 
ANSP (Academy of Natural Sciences of Drexel University, Philadelphia); CM (Carnegie 
Museum of Natural History, Pittsburgh); FMNH (Field Museum, Chicago); KU (Biodiversity 
Research Center and Natural History Museum, University of Kansas, Lawrence); MBUCV 
(Museo de Biología de la Universidad Central de Venezuela, Caracas, Venezuela); MCN-M 
(Coleção de Mamíferos, Museu de Ciências Naturais da Pontifícia Universidade Católica de 
Minas Gerais, Belo Horizonte, Brazil); MN (Museu Nacional, Universidade Federal do Rio de 
Janeiro, Rio de Janeiro, Brazil); MPEG (Museu Paraense Emílio Goeldi, Belém, Brazil); MSU 
(Michigan State University, Michigan); MUSM (Museo de Historia Natural de la Universidad 
Nacional Mayor de San Marcos, Lima, Peru); MVZ (Museum of Vertebrate Zoology, University 
of California, Berkeley); MZUSP (Museu de Zoologia da Universidad do São Paulo, São Paulo, 
Brazil); OMNH (Sam Noble Oklahoma Museum of Natural History, Oklahoma); TTU (Museum 
of Texas Tech University, Lubbock); UFMG (Universidade Federal de Minas Gerais, Belo 
Horizonte, Brazil); USNM (National Museum of Natural History, Smithsonian Institution, 
Washington DC). Uncatalogued specimens currently housed at MZUSP and collected by M.T. 
Rodrigues are herein referred to by their field numbers (MTR). 
Descriptive terminology for external and craniodental morphology follows Wible (2003) 
and Voss and Jansa (2009), and capitalized color nomenclature follows Ridgway (1912). 
External measurements and weights were transcribed from specimen labels or field notes. The 
former included: total length (nose to fleshy tail tip, TL), length of tail (basal flexure to fleshy tip, 
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LT), length of hind foot (heel to tip of longest claw, HF), and length of ear (from notch, Ear). 
Head-and-body length (HBL) was computed by subtracting LT from TL.  
Craniodental measurements were recorded to the nearest 0.01 mm using digital calipers 
under stereo microscopes (6–25×). These measurements were rounded off to the nearest 0.1 mm 
throughout the text. The following dimensions were recorded as illustrated by Giarla et al. 
(2010): condylo-basal length (CBL), measured from the occipital condyles to the anteriormost 
point of the premaxillae; palatal length (PL), measured from the anteriormost point of the 
premaxillae to the postpalatine torus, including the postpalatine spine (if present); palatal breadth 
(PB), measured across the labial margins of the upper fourth molar (M4) crowns, at or near the 
stylar A position; length of molars (LM), measured from the anteriormost labial margin of M1 to 
the posteriormost point on ipsilateral M4; width of M3 (WM3), measured from the labial margin 
of the crown at or near the stylar A position to the lingual apex of the protocone; zygomatic 
breadth (ZB), measured at the widest point across both zygomatic arches. 
 
RESULTS 
Monodelphis pinocchio, new species 
Figures 3–5 
HOLOTYPE: The holotype consists of the skin, skull, postcranial skeleton, and preserved 
tissues of an adult male (MN 78680, original field number PRG 1345) collected on 15 October 
2004 by P.R. Gonçalves at Reserva Florestal do Morro Grande, Cotia, São Paulo, Brazil, 23.06° 
S, 46.92° W (fig. 2: locality 5). 
PARATYPES AND ASSOCIATED SEQUENCE DATA: In addition to the holotype, I examined 
several other specimens herein referred to Monodelphis pinocchio, including: (1) the skin and 
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skull of an adult male (MZUSP 2793) collected in November 1909 by E. Garbe at Serra de 
Macaé, Rio de Janeiro (“Serra Macahé, Río” on the original specimen’s tag), at 22.32° S, 42.33° 
W (fig. 2: locality 3); (2) the skin of an adult male (AMNH 61547, original number EGH 3) 
collected on 3 February 1922 by E. G. Holt at Pico das Agulhas Negras, Alto do Itatiaia, Rio de 
Janeiro, Brazil (“Brazil: Alto Itatiaya. Serra do Itatiaya”) at 22.38° S, 44.63° W (fig. 2: locality 
4); (3) the skin, skull, and postcranial skeleton of an adult male (MZUSP 30740, original number 
ITM 135) collected on 23 October 2001 by R. Rossi and J.W.A. Santos at Riacho Grande, São 
Bernardo do Campo, São Paulo, at 23.8° S, 46.58° W (fig. 2: locality 6); (4) the skin, skull, and 
postcranial skeleton of an adult male (MN 78651, original number PRG 1316) collected on 11 
October 2004 by P.R. Gonçalves at the type locality (fig. 2: locality 5); and (5) a skin in alcohol 
with skull removed of an adult female (uncataloged MZUSP specimen, original number MRT 
15815) collected on 5 November 2008 by M.T. Rodrigues at Serra do Caparaó, Espírito Santo, 
Brazil, 20.47° S, 41.73° W (fig. 2: locality 2). 
DNA sequences from one mitochondrial gene (cytochrome-b), two autosomal exons 
(IRBP exon 1, BRCA1 exon 11), one autosomal intron (SLC38 intron 7), and one X-linked 
intron (OGT intron 14) from MZUSP 30740 were included in the phylogenetic analyses of Pavan 
et al. (2014) and are deposited in GenBank with accession numbers KM071555, KM071120, 
KM071031, KM071217, KM071312. A cytochrome-b sequence from MN 78651 was included 
in the phylogenetic analyses of Vilela et al. (2015). 
ADDITIONAL SPECIMENS: DNA sequences from two additional specimens, apparently 
representing this species, were included in the analyses of Pavan et al. (2014), but the vouchers 
were not available for the present study. These are uncataloged MZUSP specimens collected by 
M.T. Rodrigues; the first, with field number MTR 10770, was collected on 26 October 2004 at 
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Serra do Caparaó, Minas Gerais, 20.41° S, 41.84° W (fig. 2: locality 1); the second, MTR 11578, 
was collected on 8 November 2005 at Serra do Caparaó, Espírito Santo, 20.47° S, 41.73° W (fig. 
2: locality 2). 
DISTRIBUTION: Monodelphis pinocchio is known only from the Atlantic Forest (Mata 
Atlântica) of southeastern Brazil, where it has been collected in the states of São Paulo, Rio de 
Janeiro, Minas Gerais and Espírito Santo (fig. 2). 
DESCRIPTION: Monodelphis pinocchio is a small species, substantially larger than M. 
kunsi, but much smaller than most other congeners, including some members of the M. adusta 
group (e.g., M. handleyi and M. ronaldi; table 1). Dorsal and lateral pelage uniformly brown 
(near Olive-Brown)
8
 from crown to rump, without distinct stripes or other sharp pigment 
discontinuities (fig. 3). Hairs of middorsal fur 5–6 mm long at shoulders, near Light Olive-Gray 
basally and brownish (Olive-Brown) distally. Ventral hairs 3–4 mm long, light grey (Pale Smoke 
Gray) basally and cream (Pale Olive-Buff) distally; self-whitish ventral markings absent. Pinnae 
very small and macroscopically naked, but densely covered internally and externally with very 
short and dark-brown hairs. Cranial (mystacial, genal, and supraorbital) vibrissae mostly dark, 
with the longest mystacial hairs generally extending behind eyes when laid flat against cheek, 
but not reaching the pinnae. (The genal vibrissae generally reach the pinnae and frequently 
extend beyond their posterior border. There is only one supraorbital vibrissa on each side.) Gular 
gland (indicated by a small area of discolored fur on the throat; fig. 3C) apparently present on 
AMNH 61547, MN 78651, 78680, and ZUSP 30740. Hands and feet covered dorsally with short, 
mostly brownish hairs. Ungual tufts short and sparse (restricted to the bases of the manual claws 
and reaching approximately the middle of the claws on feet). Scrotal skin brownish, covered with 
                                                        
8
 The pelage of MZUSP 2793 appears to be faded, with the dorsal fur near Buffy Brown.  
 
 217 
cream (Pale Olive-Buff) hairs. Mammary formula unknown. Tail about 55% of combined length 
of head and body, weakly bicolored (dark-brownish dorsally and lighter brown ventrally). 
Caudal scales (discernable mostly at the distal portion of the tail) arranged predominantly in 
spiral series. 
Skull small, conspicuously elongated, and somewhat flattened in lateral profile (figs. 4, 5). 
Rostrum remarkably long and narrow, longer than braincase; infraorbital foramen dorsal to 
anterior root of M1; lacrimal foramina (two on each side) exposed laterally on anterior orbital 
margin; interorbital region hourglass shaped, with rounded supraorbital margins, and shallow 
inter- and postorbital constrictions, but without any trace of postorbital processes; sagittal crest 
absent even in largest adult males examined; nuchal (occipital) crest present; interparietal 
apparently absent
9
; no parietal-mastoid contact on posterior braincase; zygomatic arches delicate 
and markedly convergent anteriorly; incisive foramina extending from level of third upper 
incisors to middle or posterior part of upper canines; maxillopalatine fenestrae long, extending 
from level of P3 or M1 (usually near the P3/M1 commissure) to level of M3 metacone; small 
palatine fenestrae present unilaterally or bilaterally (except in MZUSP 30740, in which palatine 
fenestra are bilaterally absent); posterolateral palatal foramina small and complete, not extending 
anteriorly between M4s; sphenopalatine foramen located dorsal to posterolateral palatal foramen 
on each side; tympanic wing of alisphenoid small and uninflated, widely separated from 
ipsilateral rostral tympanic process of petrosal; rostral tympanic process elongated and triangular, 
widely separated from caudal tympanic process (fenestra cochleae exposed); anterior process of 
malleus exposed between ectotympanic and tympanic wing of alisphenoid (close to the Glaserian 
                                                        
9
 See Voss and Jansa (2009:34) for discussion of the usual didelphid condition, in which the 
interparietal is wedged between the left and right parietals anterior to the lambdoid crest. In 
Monodelphis pinocchio, the midparietal suture extends posteriorly to the lambdoid crest. 
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fissure); extracranial course of mandibular nerve not enclosed by bone (secondary foramen ovale 
absent; see Voss and Jansa, 2003); stapes columelliform and imperforate; basisphenoid 
concealed by the alisphenoid in lateral view (not exposed through sphenorbital fissure in 
posteromedial orbit); distinct infratemporal crest of alisphenoid absent; parocciptal process small 
and rounded. 
Crowns of I2–I5 increasing in width from front to back; upper and lower canines simple, 
without accessory cusps in males (but indistinct anterior and posterior cusps are present on MTR 
15815, the only female specimen examined); diastemata present between C1 and P1 and between 
P1 and P2; P2 slightly wider than P3; P2 and P3 subequal in height. Diastemata present between 
c1 and p1, p1 and p2, and p2 and p3; p2 clearly wider and taller than p3; cingulids of lower 
molars undeveloped; entoconid of m1–m3 small or indistinct. 
ETYMOLOGY: The specific epithet is a noun in apposition and refers to the fictional 
wooden doll (Pinocchio, from the book “The Adventures of Pinocchio” by Carlo Collodi), in 
allusion to the elongated rostrum shared by this species and its namesake. 
COMPARISONS: Members of the Monodelphis adusta species group (“Clade E” of Pavan 
et al., 2014: including M. adusta, M. handleyi, M. osgoodi, M. peruviana, M. reigi, M. ronaldi, 
and M. pinocchio) differ from other congeneric species by (1) lacking distinct stripes in the 
dorsal pelage (versus stripes present, e.g., as in M. americana) or other sharp pigment 
discontinuities (such as reddish flanks, e.g., as in M. brevicaudata); (2) having the infraorbital 
foramen positioned dorsal to M1 (versus dorsal to P3 or to the P3/M1 commissure, e.g., as in M. 
domestica); (3) lacking contact between the parietals and the mastoid (versus parietals and 
mastoid in contact, e.g., as in M. scalops); (4) having a small tympanic wing of the alisphenoid 
that is separated by a wide gap from the rostral tympanic process of petrosal (versus a large 
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alisphenoid tympanic wing narrowly separated from the rostral tympanic process, e.g., as in M. 
iheringi); (5) having a triangular rostral tympanic process that does not conceal the fenestra 
cochleae in ventral view (versus a broad, rounded rostral tympanic process that conceals the 
fenestra cochleae, e.g., as in M. gardneri); (6) having the anterior process of the malleus exposed 
distally between the ectotympanic and the alisphenoid tympanic wing (versus anterior process of 
the malleus not exposed distally, e.g., as in M. emiliae); (7) lacking a secondary foramen ovale 
(versus secondary foramen ovale present, e.g., as in M. americana); (8) having a columelliform, 
imperforate, or microperforate stapes (versus a triangular or subtriangular stapes with a large 
obturator foramen, e.g., as in M. glirina); and (9) having the basisphenoid laterally concealed by 
the alisphenoid (versus basisphenoid laterally exposed, e.g., as in M. touan). 
Within the Monodelphis adusta group, M. pinocchio can be readily distinguished from M. 
handleyi, M. ronaldi, and M. reigi by its smaller size (table 1). Although M. reigi (illustrated by 
Lew and Pérez-Hernández, 2004: fig. 3)
10
 somewhat resembles M. pinocchio by its relatively 
long rostrum, and distinct diastemata among C1/P1/P2 and c1/p1/p2/p3 (none of which are 
observed in M. handleyi or M. ronaldi), this species has shorter incisive foramina that extend 
posteriorly only to the anterior margin of C1, and zygomatic arches that are more rounded 
anteriorly (not so strongly convergent anteriorly as in M. pinocchio). 
Monodelphis pinocchio averages smaller than M. adusta and M. peruviana in all 
measured external dimensions, and is consistently smaller in three craniodental dimensions (PB, 
LM, WM3) that exhibit nonoverlapping variation in our samples (table 1). Additionally, M. 
pinocchio has a visibly longer and narrower rostrum, distinct diastemata among C1/P1/P2 and 
                                                        
10
 This species, known only from the tepuis of eastern Venezuela and western Guyana, is 
represented by a single adult specimen (inaccessible to me, in Caracas), and two examined 
juveniles in the ROM (see Lim et al., 2010). 
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c1/p1/p2/p3 (diastemata are diminutive or absent in M. adusta and M. peruviana), and lacks a 
distinct interparietal ossification (a distinct interparietal [sensu Voss and Jansa, 2009] is present 
in M. adusta and M. peruviana). 
Although Monodelphis pinocchio was recovered as sister to M. kunsi by the phylogenetic 
analyses of Pavan et al. (2014) and Vilela et al. (2015), these species are externally and cranially 
dissimilar. Among other differences, M. pinocchio is consistently larger (especially in HBL, LT, 
CBL, and PL; table 1), has longer pelage (middorsal fur at shoulders 5–6 mm versus ca. 3 mm in 
M. kunsi), has darker dorsal pelage (near Olive-Brown versus Buffy Brown to Olive-Brown in M. 
kunsi), has more anteriorly convergent zygomatic arches and a more elongated rostrum (fig. 4), 
has distinct diastemata among C1/P1/P2 and c1/p1/p2/p3 (gaps that are diminutive or absent in 
M. kunsi), and lacks a distinct interparietal bone (the interparietal is large in M. kunsi). Other, 
subtler differences can be detected by careful side-by-side comparisons, but these traits are more 
than sufficient for positive identification. Because specimens with these distinct sets of 
phenotypic traits also have highly divergent molecular sequences (e.g., 11.1%, uncorrected, at 
the cytochrome-b locus; Pavan et al., 2014: supporting information, table 3) they clearly merit 
recognition as valid species. 
Monodelphis osgoodi resembles M. pinocchio in pelage traits and body size, but M. 
pinocchio has shorter feet and a shorter tail (table 1), a visibly longer and narrower rostrum (fig. 
2), a narrower palate (table 1), wider diastemata among C1/P1/P2 and c/p1/p2/p3, and a 
sphenopalatine foramen that is dorsal to the posterolateral palatal foramen on each side (the 






The Monodelphis adusta group includes all of the members of similarly named species 
groups identified by Lim et al. (2010) and Solari (2010) plus M. kunsi, M. pinocchio, and an 
unnamed lineage from lowland Amazonia (“species 2” of Pavan et al., 2014). Phylogenetic 
analyses based on combined mitochondrial and nuclear gene sequences strongly support the 
monophyly of this group (Pavan et al., 2014), and the nine morphological traits listed above 
(under Comparisons) seem likely to include several that will optimize as synapomorphies in 
combined phylogenetic analyses of molecular and morphological data (Pavan et al., in prep.). 
Vilela et al. (2015) also recovered the monophyly of this group based on their analyses of 
mitochondrial and nuclear gene sequences, but they suggested recognizing a distinct 
“Monodelphis kunsi group” for M. kunsi and M. pinocchio (“species 1” in their analysis). This 
difference of opinion about informally designated clades is obviously not substantive. 
Unlike Monodelphis kunsi, a widespread species inhabiting primarily dry forest in central 
South America, M. pinocchio is known from just a few moist-forest localities in southeastern 
Brazil (fig. 2). Although altitudinal data are not recorded on any specimen labels, maps and other 
sources of geographic information (e.g., Hijmans et al., 2005) suggest that elevations at localities 
where the species has been collected range from about 790 to 2380 m. Presumably, M. pinocchio 
is a montane species. The fact that so few representatives of M. pinocchio are available in 
collections might be due to either a scarcity of this species in nature or the almost exclusive 
traditional use of live traps for mammal inventories (such traps are known to be ineffective for 
capturing some species of Monodelphis; Pardini and Umetsu, 2006; Umetsu et al., 2006; Duda 
and Costa, 2015). Of the eight specimens reported here, six were collected in the past 15 years, 
soon after pitfall traps began to be more widely used for collecting small terrestrial mammals in 
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South America (Voss et al., 2001; Pardini, 2004; Umetsu et al., 2006). I have information on 
capture method for only three specimens of M. pinocchio, but all these were taken in pitfall traps. 
Sustained sampling by this relatively new method can be confidently predicted to result in better 
documented geographic range data for M. pinocchio. 
With the description of Monodelphis pinocchio and the new synonymies suggested by 
recent molecular analyses
11
, five valid species of Monodelphis are now known from the Atlantic 
Forest of southeastern Brazil. Among these species, sympatry has been observed for all possible 
pairwise combinations (table 2), although syntopy (same-habitat occupancy) is confirmed only 
for M. iheringi and M. americana (at Reserva Biológica Duas Bocas, Espírito Santo; Duda and 
Costa, 2015). Remarkably, four Atlantic Forest species are known to occur together at two 
localities (M. dimidiata, M. iheringi, M. pinocchio, and M. scalops at São Paulo, São Bernardo 
do Campo, Riacho Grande; M. americana, M. dimidiata, M. pinocchio, and M. scalops at Rio de 
Janeiro, Parque Nacional do Itatiaia), the maximum sympatric diversity yet recorded for the 
genus. To date, sympatry outside the Atlantic Forest has been documented for a maximum of 
three species of Monodelphis. According to Solari et al. (2001), M. “adusta” (presumably M. 
peruviana), M. emiliae, and M. “brevicaudata” (presumably M. glirina) are sympatric in the 
lower Urubamba region of eastern Peru, whereas M. glirina, M. touan, and M. “aff. kunsi” are 
said to be sympatric at the Floresta Nacional de Carajás in northern Brazil (Martins et al., 2012). 
Few as they are, these observations suggest that the Atlantic Forest of southeastern Brazil may be 
a region of uniquely high diversity for Monodelphis, and that the terrestrial-insectivorous niche 
that these small marsupials are thought to occupy (Emmons and Feer, 1990; Fonseca et al., 1996; 
Pine and Handley, 2008; Pinotti et al., 2011) can be subdivided in at least some local 
                                                        
11
 Monodelphis theresa as a junior synonym of M. scalops; M. rubida and M. umbristriata as 
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HBL 99 (93–125) 9 128 (117–142) 3 80 (71–90) 17 95 (85–109) 5 94 (88–103) 4 96 121 142 
LT 55 (40–63) 8 71 (69–74) 3 40 (34–49) 17 55 (47–62) 5 51 (50–54) 4 62 74 72 
HF 16 (15–17) 8 17 (16–18) 3 12 (10–14) 17 16 (12–18) 5 13 (11–13) 4 15 15 20 
Ear 12 (11–14) 6 15 (14–15) 3 10 (5–12) 17 12 (10–16) 5 9 (7–10) 3 9 13 14 
Weight 26 (17–33) 5 55 (49–65) 3 11 (9–19) 13 18 (15–24) 5 – – – 70 
CBL 28.4 (25.7–30.9) 8 32.0 (31.1–33.1) 4 22.9 (21.2–24.2) 8 25.4 (24.3–27.1) 5 26.0 (25.6–26.5) 4 26.0 30.4 35.3 
PL 15.3 (14.0–16.6) 10 17.6 (17.0–18.3) 4 11.8 (10.9–12.7) 8 14.1 (13.2–16.5) 6 14.6 (14.5–14.9) 4 – 17.2 19.8 
PB 9.4 (8.8–10.0) 10 11.0 (10.8–11.3) 4 7.2 (6.9–7.7) 7 8.5 (7.5–9.9) 5 7.2 (6.9–7.3) 4 7.6 – 12.6 
LM 6.1 (5.8–6.3) 10 7.3 (7.2–7.5) 4 4.9 (4.6–5.1) 9 5.7 (5.3–6.1) 6 4.9 (4.9–5.0) 4 – 6.2 8.1 
WM3 2.1 (1.9–2.2) 10 2.6 (2.5–2.8) 4 1.7 (1.6–1.8) 9 1.9 (1.7–2.2) 6 1.5 (1.5–1.6) 4 – – 3.1 
ZB 15.2 (13.2–16.6) 9 17.9 (16.5–18.8) 4 11.9 (11.1–13.3) 7 12.8 (11.8–14.2) 5 12.7 (12–13.4) 4 12.5 14.9 20.7 
 
a 
The mean, the observed range (in parentheses), and the sample size for measurements of the following series: AMNH 47189, 67274, 
68136, 75232, 136158, KU 157978, MSU 20250, TTU 101164, 84865, 98923, USNM 280894. 
b
 The mean, the observed range (in parentheses), and the sample size for measurements of the following series: AMNH 276709, 
276698, MPEG 41787, MUSM 23809–23810. 
c
 The mean, the observed range (in parentheses), and the sample size for measurements of the following series: ANSP 18191, MCN-M 
1256, 1420, 1465, 1531, 1570, 1607, 2304, 2964, MN 64323, 64411, 64424, MPEG 43016, 43017, MZUSP (MTR 20361), OMNH 
22265, 22266, UFMG 1965, UFMG (original number 318), UFMG (original number 324). 
d
 The mean, the observed range (in parentheses), and the sample size for measurements of the following series: AMNH 272781, 
FMNH 169811, 172032, MUSM 7157, 15318, MVZ 173928. 
e
 The mean, the observed range (in parentheses), and the sample size for measurements of the following series: AMNH 61547, MN 
78651, 78680, MZUSP 2793, 30740. 
f
 The holotype (CM 5242; data from Doutt, 1938). 
g
 The holotype and only known adult specimen (MBUCV 2358; data from Lew and Pérez-Hernández, 2004). 
h







TABLE 2. Records of sympatry among Atlantic Forest Species of Monodelphis. 
  americana dimidiata iheringi pinocchio scalops 
americana —     
dimidiata sympatric
a























 São Paulo, Biritiba Mirim; São Paulo, Santo André (Pavan et al., 2014); Rio de Janeiro, Parque Nacional do Itatiaia (Vilela et al., 
2015; this report: M. americana MN 78911, 42026, MZUSP 11695; M. dimidiata AMNH 61546, MN 24552). 
b
 Espírito Santo, Cariacica, Reserva Biológica Duas Bocas (Agrizzi et al., 2012; Duda and Costa, 2015). 
c
 Rio de Janeiro, Parque Nacional do Itatiaia (this report: M. pinocchio AMNH 61547). 
d 
Rio de Janeiro, Parque Nacional do Itatiaia (this report: M. scalops MN 42023, 42025). 
e
 São Paulo, São Bernardo do Campo, Riacho Grande (this report: M. iheringi MZUSP 30638; M. dimidiata MZUSP 30698, 30726). 
f
 São Paulo, São Bernardo do Campo, Riacho Grande (Pavan et al., 2014); Rio de Janeiro, Parque Nacional do Itatiaia (this report). 
g
 São Paulo, São Bernardo do Campo, Riacho Grande (Pavan et al., 2014); Rio de Janeiro, Parque Nacional do Itatiaia (this report). 
h
 São Paulo, São Bernardo do Campo, Riacho Grande (this report: M. pinocchio MZUSP 30740). 
i
 São Paulo, Capão Bonito, Fazenda Sakamoto (Vilela et al., 2015); São Paulo, São Bernardo do Campo, Riacho Grande (this report: 
M. scalops MZUSP 30629, 30702, 30757). 
j
 São Paulo, São Bernardo do Campo, Riacho Grande; Minas Gerais, Parque Nacional do Caparaó (Pavan et al., 2014); São Paulo, 





FIGURE 1. Phylogenetic relationships of species of the Monodelphis adusta group based on a 
maximum-likelihood analysis of DNA sequence data from one mitochondrial and four nuclear 
genes (4983 aligned sites; after Pavan et al., 2014). Support statistics from maximum-parsimony 
(MP) and maximum-likelihood (ML) bootstrap analyses are indicated at each resolved node 
along with Bayesian posterior probabilities (BPP). White wedges indicate MP and ML bootstrap 
frequencies ≤ 50%, gray indicates bootstrap frequencies between 50% and 75%, and black 
indicates bootstrap frequencies ≥ 75%. For Bayesian statistics, white indicates BPP < 0.95, 





FIGURE 2. Collecting localities of Monodelphis pinocchio. Numbers are keyed to localities 




FIGURE 3. A, Dorsal, B, lateral, and C, ventral views of the holotype skin of Monodelphis 




FIGURE 4. Dorsal and ventral cranial views of A, Monodelphis kunsi (USNM 461348, male); B, 




FIGURE 5. Lateral cranial and mandibular views of A, Monodelphis kunsi (USNM 461348, 
male); B, M. pinocchio (MN 78680, male); C, and M. osgoodi (AMNH 264922, female). Scale 
bar = 5 
